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DETACHABLE  SUMMARY 


EFFECTIVENESS  OF  CIVIL  DEFENSE  SYSTEMS 
Walmer  E.  Strops  and  John  F.  Devaney 
Center  for  Planning  and  Research,  Inc. 
Contract  No.  DCPA01-77-C-0223  June  1979 


A  methodology  has  been  developed  for  estimating  the  individual  and  combined 
effectiveness  of  the  important  elements  of  the  civil  defense  operating  system 
and  the  corresponding  elements  of  the  preparedness  program,  as  measured  bv 
population  survival.  All  system  elements  that  contribute  to  the  reduction  in 
casualties  in  a  significant  way  have  been  Incorporated  in  the  analysis  and 
implemented,  with  the  exception  of  medical  care,  which  could  be  implemented  if 
the  necessary  input  data  were  available.  The  methodology  consists  of  two 
related  models  of  civil  defense  activities:  the  Population  Defense  Model  (POPDEF) , 
which  assesses  fatalities  and  injuries  under  nuclear  attack,  and  the  Program 
Analysis  Model  (PAM),  which  uses  data  and  estimates  of  the  product  of  specific 
program  elements  to  generate  most  of  the  inputs  to  POPDEF.  The  use  of  other 
measures  of  effectiveness  has  been  explored. 

The  Population  Defense  Model  has  been  l^lemented  at  the  DCPA  Computer 
Center  and  used  to  estimate  the  casualties  associated  with  three  potential 
civil  defense  programs  under  three  hypothetical  nuclear  attacks.  POPDEF  employs 
a  defense  scenario  technique  to  model  changes  in  the  vulnerability  of  the 
population  and  to  assess  casualties.  It  operates  on  three  regions  —  Risk, 

Host,  and  Neither  —  using  dats  provided  by  the  TENOS  model. 

The  Program  Analysis  Model  identifies  relationships  among  elements  of 
civil  defense  and  defines  paths  through  these  relationships  along  which 
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quantitative  descriptions  of  the  preparedness  prograa  can  be  translated  into 
estiaates  of  the  POPDEF  input  parameters.  To  provide  a  structure  for  PAM, 
civil  defense  prograa  eleaents  have  been  organised  and  defined.  Relationships 
among  these  eleaents  are  defined  by  aeans  of  a  systea  algebra.  The  result  is 
a  set  of  systea  trees  in  which  quantitative  estiaates  of  the  product  of 
preparedness  prograa  eleaents  can  be  used  to  generate  estiaates  of  key  POPDEF 
input  parameters.  The  two  aodels  together  allow  a  detailed  program  description 
and  changes  in  any  of  its  eleaents  to  be  reflected  in  teras  of  casualty 
reduction. 

Example  calculational  results  are  presented  in  Table  S-l  for  three  programs 
and  three  hypothetical  attacks.  The  prograas  are  Prograa  D  Prime,  a  prograa 
that  maintains  the  current  civil  defense  capability,  and  a  prograa  that  adds  to 
current  capability  only  a  crisis  relocation  planning  effort.  Of  the  three 
attacks,  the  first  two  are  major  attacks  aimed  at  military  and  urban-industrial 
targets.  The  third,  Attack  C,  Is  a  heavy  attack  that  adds  a  population-oriented 
attack  against  relocation  concentrations.  The  PAM  and  POPDEF  estiaates  used  in 
these  calculations  were  estimated  by  the  DCPA  professional  staff. 

The  exploration  of  the  application  of  measures  of  effectiveness  other  than 
casualty  reduction  suggests  that  the  effect  is  to  extend  the  consideration  of 
countermeasures  and  hence,  the  defense  scenario  into  the  postattack  or  recovery 
period.  In  lieu  of  such  extension,  the  analysis  concludes  that  it  would  be 
desirable  to  evaluate  candidate  civil  defense  prograas  on  the  basis  of  uninjured 
survivors  and  their  ratio  to  the  Injured. 

Reco^endatlons 

% 

Based  on  the  work  performed  under  Contract  No.  DCPA01-77-C-0223,  the 
following  recommendations  are  mode: 
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1.  The  Population  Defense  Model  (POPDEF)  now  implemented  at  the  DCPA 
Computer  Center  should  be  adopted  as  the  interim  method  of  casualty  assessment 
for  program  evaluation  and  other  studies. 

2.  Research  should  be  undertaken  to  derive  appropriate  fatality 
functions  chat  could  be  used  to  represent  the  effect  of  various  levels  of 
medical  care,  thus  permitting  its  inclusion  in  the  defense  scenario. 

3.  In  program  evaluation  and  design,  emphasis  should  be  placed  on  the 
number  of  uninjured  survivors  and  their  ratio  to  the  injured  rather  than  on 
total  survivors,  so  as  to  maximize  the  contribution  of  population  preparedness 
to  societal  recovery. 

4.  The  Program  Analysis  Model  (PAM)  should  be  reviewed  and  adopted  as 
the  interim  method  for  assessing  the  contribution  of  program  elements  to 
casualty  reduction. 

3.  The  system  element  structure  should  be  reviewed  and  adopted  as  a 
basis  for  program  analysis  in  conjunction  with  Che  Program  Analysis  Model. 

This  structure  should  be  considered  as  a  basis  for  program  description  and 
costing. 

6.  The  Program  Analysis  Model,  the  Population  Defense  Model,  and  the 
supporting  elements  of  Che  TENOS  model  should  be  considered  for  use  as  a  cool 
in  defining  research  needs  and  data-gather lng  requirements.  Sensitivity 
analyses  should  be  accomplished  in  connection  with  this  use  to  aid  in 
establishing  priorities. 

7.  The  methodology  should  be  considered  for  use  in  defining  the  required 
content  of  plans  and  exercises,  training,  and  emergency  public  Information 
materials,  as  well  as  for  use  in  orienting  and  training  civil  defense  officials 
in  civil  defense  managestent  and  direction  and  control  functions. 

8.  A  formal  procedure  should  be  developed  for  periodic  review  and 
upgrading  of  all  aspects  of  the  program  evaluation  and  design  methodology. 


EXAMPLE  ASSESSMENT  RESULTS'* 
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ABSTRACT 

A  methodology  Is  presented  for  assessing  the  effectiveness  of 
civil  dsfsnss  program  elements  In  reducing  nuclear  -arfare  casualties. 

Ic  consists  of  tvo  related  models  of  civil  defense  activities:  POPDEF, 
which  assesses  fatalities  and  Injuries  under  nuclear  attack,  and  PAM, 
which  uses  data  and  estimates  of  the  product  of  specific  program 
elements  to  generate  most  of  the  Inputs  to  POPDEF.  Example  results 
are  presented  and  the  use  of  other  measures  of  effectiveness  Is  discussed. 
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INTRODUCTION 


Purpose 

The  purpose  or  this  report  13  to  document  a  methodology  for  estimating 
the  individual  and  combined  contributions  of  the  various  elements  of  a 
civil  defense  capability  to  total  system  effectiveness,  as  measured  by 
population  survival  under  nuclear  attack.  This  methodology  is  an  extension 
of  the  initial  developments  reported  in  Reference  1*.  The  primary  use  of 
the  methodology  is  to  aid  in  the  design  of  civil  defense  programs  Intended 
to  maximize  effectiveness  for  a  given  cost.  The  method  is  also  useful  for 
estimating  the  performance  of  civil  defense  capabilities,  either  existing 
jr  programmed. 

Scope 


The  work  reported  here  was  performed  for  the  Defense  Civil  Preparedenss 
Agency  under  Modification  P105-1  to  Contract  No.  DCPA01-77-C-0223,  which 
contained  the  following  scope  of  work: 

A.  General  -  The  Contractor,  in  consultation  and  cooperation  with 
with  the  Government,  shall  furnish  the  necessary  facilities,  personnel, 
and  such  other  services  as  may  be  required  to  continue  the  development, 
based  on  work  accomplished  under  Contract  No.  DCPA01-77-C-0223,  of 
techniques  for  estimating  the  individual  and  combined  effectiveness  of 
the  important  elements  of  the  civil  defense  system  and  the  associated 
costs  thereof.  Results  shall  be  compatible  with  DCPA  computational 
facilities  and  programa  so  as  to  permit  DCPA  to  perform  assessments  of 
expected  fatalities  and  injuries,  and  other  measures  of  effectiveness, 
in  order  to  Improve  DCPA's  ability  to  allocate  available  funds  and 
effort  to  areas  of  greatest  expected  payoff. 

B.  Specific  Work  and  Services  -  The  Contractor  shall  perform  specific 
work  and  services  Including  but  not  limited  to  the  following: 


* 


References  are  listed  at  the  end  of  the  report. 
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1.  Expand  Che  current  analysis  to  Include  all  system 
elements  that  contribute  to  the  reduction  of  casualties  in  a 
significant  way  and  Improve  the  basis  for  quantification  of  system 
and  element  effectiveness  to  the  extent  chat  research  and  other 
data  permit,  performing  sensitivity  analyses  over  the  ranges  of 
uncertainty  chat  are  found  to  exist.  Where  the  required  level  of 
detail  results  in  undue  computational  complexity,  devise  appropriate 
approximations  chat  are  computationally  efficient. 

2.  Develop  and  evaluate  alternatives  for  estimating  Che 
performance  of  individual  system  elements  chat  are  employed  in 
combinations  or  countermeasures  secs  in  the  reduction  of  casualties. 
Continue  to  develop  means  for  assembling  Che  total  effectiveness  of 
program  elements  over  Che  range  of  preattack  and  attack  environments 

in  which  employed,  with  emphasis  on  "surge"  or  crisis-oriented  programs. 
Relate  program  element  costs  to  effectiveness  in  casualty  reduction  for 
one  or  more  attacks  to  be  specified  by  Che  Government. 

3.  Explore  the  application  of  ocher  measures  of  effectiveness, 
in  addition  to  casualty  reduction,  for  use  in  DC7A  program  allocations. 

Such  measures  shall  Include  but  not  be  limited  to  reduction  of  long-term 
and  genetic  radiation  injury,  postattack  control  of  disease  and  disability, 
maximum  postattack  availability  of  the  work  force,  and  improvement  of 
industrial  and  economic  recovery  rates.  Identify  chose  civil  defense 
system  elements  and  corresponding  programs  that  contribute  to  broader 
measures  of  system  effectiveness  and  whose  value  is  only  partially 
measured  by  their  contribution  to  the  reductljn  of  casualties. 

4.  Recommend  an  interim  system  for  estimating  cost- 
effectiveness  for  civil  defense  program  analysis  and  review  and  indicate 
promising  avenues  of  research  or  operational  data  gathering  that  would 
lead  to  significant  improvement  in  making  such  estimates. 

The  product  of  research  under  this  scope  consists  mainly  of  two  related 
models  of  civil  defense  activities:  the  Population  Defense  Model  (POPDEF), 
which  is  Che  expansion  of  the  original  analysis  requested  in  paragraph  B.l 
of  the  scope  of  work,  and  the  Program  Analysis  Model  (PAM),  which  is 
responsive  to  paragraph  B.2  of  the  scope.  Additionally,  the  use  of  other 
measures  of  effectiveness  has  been  explored. 


Limitations 


Th«  Population  Defense  Model  has  been  developed  to  the  point  where  it 
Includes  all  civil  defense  elements  that  contribute  significantly  to  casualty 
reduction.  The  "cookie-cutter"  version  of  this  model  has  been  programmed  for 
and  is  operational  at  the  DCPA  Computer  Center.  The  simplif lea t ions  and 
approximations  Incorporated  in  POPDEF  appear  reasonable.  The  limitations  on 
the  use  of  this  model  lie  primarily  in  the  quality  of  the  data  on  which  the 
values  of  the  input  parameters  are  based.  In  one  area,  medical  care,  a  basis 
for  estimating  fatality  reduction  is  not  available. 

The  Program  Analysis  Model  is  Che  major  innovation  resulting  from  the 
scudv  efforc.  It  required  the  development  of  a  consistent  set  of  system 
relations  among  the  basic  elements  of  civil  defense.  As  such,  it  represents 
a  first  attempt  at  specifying  a  ''fine  structure"  that  could  be  quantified. 
Although  the  authors  regard  the  attempt  as  highly  successful,  it  is  likely 
that  further  Improvements  will  be  forthcoming  as  experience  is  gained  in  its 
use  and  other  analysts  subject  it  to  scrutiny.  A  full  description  of  the 
initial  application  of  the  Program  Analysis  Model  will  be  found  in  the 

2 

companion  report,  Monte  Carlo  Population  Defense  Model:  Initial  Results. 
Overview 

This  introduction  is  the  first  of  seven  sections  of  the  report.  Section 
II  provides  background  Information  drawn  largely  from  the  initial  study1  to 
lay  a  basis  for  understanding  of  the  work  reported  here.  In  Section  III,  the 
Population  Defense  Model,  the  general  method  used  to  estimate  fatalities  and 
injuries  resulting  from  nuclear  attack  is  described  and  discussed.  The 
required  Inputs  to  the  Population  Defense  Model  are  generated  by  use  of  the 
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Program  Analysis  Model,  which  is  presented  in  Section  IV.  Example  results 
of  the  use  of  these  models  are  presented  in  Section  V,  together  with  a 
discussion  of  the  potential  use  of  such  results  in  the  design  and  evaluation 
of  civil  defense  program  options. 

A  discussion  of  the  application  of  measures  of  effectiveness 
ocher  than  casualty  reduction  is  presented  in  Section  VI.  This  section  is 
responsive  to  paragraph  B.3  of  the  scope  of  work.  Finally,  a  summary  is 
presented  in  Section  VII,  together  with  recommendations  responsive  to 
paragraph  3.4  of  the  scope  of  work. 
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II  BACKGROUND 


Estimates  of  system  costs  and  effectiveness  are  input  information  for 

the  process  of  developing  policies  and  deciding  on  the  nature  and  extent  of 

civil  defense  preparedness  programs.  In  the  past,  such  analyses  have  been 

confined,  for  the  most  part,  to  assessing  the  effectiveness  of  various  kinds 

3  4 

of  protective  shelter  under  assumed  attacks.  '  More  recently,  the  efficacy 
of  crisis  relocation  of  urban  residents  to  areas  presumed  to  be  at  lover  risk 
has  been  evaluated.^  Only  occasionally  have  analyses  considered  explicitly 
the  casualty-reduction  potential  of  warning  systems,  shelter  stocks,  and  the 
like.  The  contributions  of  other  system  elements,  such  as  direction  and 
control,  training,  public  Information,  radiological  monitoring  and  analysis 
(RAOEF),  rescue,  and  fire  defense,  have  not  been  evaluated  although  the 
estimated  costs  of  these  snd  the  Indirect  costs  of  recruitment,  management, 
and  research  have  generally  been  Included  in  the  system  costs  assigned  to  a 
civil  defense  posture.  Nor  has  there  been  a  basis  other  than  Informed  Judgment 
for  determining  the  relative  emphasis  (and  hence,  costs)  to  be  assigned  to  the 
various  system  elements  to  produce  a  balanced  and  cost-effective  civil  defense 
program  option. 

To  reduce  casualties,  system  elements  must  operate  to  reduce  the 
vulnerability  of  soma  or  all  of  the  population  to  weapon  effects  in  s 
quantifiable  way.  Casualty  assessment  procedures  that  relate  population 
vulnerability  only  to  the  central  countermeasures  (sheltering  or  moving)  will 
hide  the  contribution  of  the  supporting  system  elements  to  casualty  reduction. 
The  basic  approach  used  in  this  and  the  initial  research1  is  to  devise  a 
"defense  scenario"  that  traces  the  changes  in  population  vulnerability  and 


relates  then  to  the  unfolding  attack  environment,  thus  bringing  hidden 
contributions  to  light.  It  should  be  noted,  however,  that  defense  actions 
chat  can  influence  casualties  are  usually  based  on  the  Joint  contribution 
of  a  number  of  program  elements,  such  as  recruitment,  training,  organization, 
equipment,  communications,  and  exercises.  Moreover,  a  particular  program 
element  may  contrlbut  to  several  actions  in  the  defense  scenario.  Hence, 
a  mechanism  is  required  to  relate  the  product  of  various  program  elements  to 
the  input  parameters  of  the  defense  scenario  so  chat  casualty  reduction  can 
be  traced  back  to  the  contributing  program  elements.  The  Program  Analysis 
Model  of  Section  IV  has  been  developed  for  this  purpose.  This  model  uses 

(a)  quantitative  estimates  of  the  product  of  specific  program  elements  and 

(b)  estimates  of  population  response  and  behavior  to  build  estimates  of  the 
input  parameters  of  the  defense  scenario  calculation,  now  called  the  Popula¬ 
tion  Defense  Model. 

The  Population  Defense  Model,  in  turn,  is  a  specific  form  of  casualty 
assessment.  It  is  an  extension  or  expansion  of  the  earlier  defense  scenario 
model. *  Since  the  earlier  model,  though  incomplete.  Is  relatively  simple, 
the  essential  features  chat  have  carried  over  to  the  present  model  will  be 
outlined  here  as  background  for  the  later  exposition. 

Relationship  to  TENOS  Model 

Since  any  casualty  assessment  procedure  is  conditioned  to  some  degree 
by  Che  nature  of  Che  available  data  bases  and  associated  calculatlonal 
routines,  the  defense  scensrlo  model  has  been  built  on  the  existing  DCPA 
procedures  to  the  maximum  extent  possible.  The  DCPA  computer  program 
(TEHOS)  operates  on  unit  areas  defined  by  two  minutes  of  latitude  and 
longitude  over  the  Continental  United  States.  Each  unit  area  is  thus 
approximately  2  miles  (3.2  kilometers)  on  s  side.  Unit  areas  are  assigned 
a  resident  population  based  on  census  data.  (The  population  distribution 


In  current  use  represents  the  1975  data.)  Each  unit  area  also  can  be 
identified  as  being  located  in  a  "Risk  Area,"  "Host  Area,"  or  "Neither  Area." 
Crisis  relocation  actions,  shelter-use  rules,  and  other  program  and  policy 
options  can  be  linked  to  these  identifiers. 

Host  civil  defense  program  options  of  current  Interest  are  based  on 
sheltering  all  or  part  of  the  population  in  the  best  available  shelter 
in  existing  buildings,  mines,  and  tunnels.  The  data  base  for  this  resource 
is  Che  National  Shelter  Survey  (NSS)  inventory.  Table  1  describes  the  all¬ 
effects  shelter  classif ication  used  by  DCPA.  Table  2  indicates  the  basic 
protective  characteristics  attributed  to  these  shelter  classes.  It  will  be 
noted  that  some  classes  have  been  lumped  together  into  categories.  In  the 
fourth  column,  the  first  nusiber  refers  to  the  rated  median  lethal  over¬ 
pressure  (MLOP)  and  the  second  number  refers  to  the  median  casualty  over¬ 
pressure  (MCOP).  These  values  represent  the  midpoints  of  casualty  probability 
distributions.  In  the  TENOS  model,  the  maximum  blast  overpressure  computed 
for  a  unit  area  is  compared  with  the  appropriate  casualty  function  to 
determine  the  fraction  of  the  unit  area  population  in  a  given  shelter 
category  who  are  fatalities  or  casualties  (fatalities  plus  injuries). 

Although  the  computation  is  referenced  to  overpressure,  the  casualty  functions 
consider  all  prompt  effects:  blast,  thermal  radiation,  and  Initial  nuclear 
radiation. 

The  rated  protection  factor  (PF)  against  fallout  radiation  in  the  last 
column  of  Table  2  acts  to  reduce  the  free-fleld  radiation  exposure,  which  is 
calculated  as  the  smxlmum  ERD  (equivalent  residual  dose),  a  measure  that 
Includes  the  ability  of  the  body  to  repair  some  of  the  injury  incurred  over 
a  period  of  time.  To  determine  fallout  radiation  fatalities,  the  maximum 
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Table  1 

RELATIVE  BLAST  PROTECTION  CODES* 


Preference 


Description 


A 


Subway  stations,  tunnels,  nines,  and  caves  with  large 
voluae  relative  to  entrances. 


3 

C 


D 

E 


F 


G 

H 


I 


NOTE: 


Basements  and  sub-basements  of  massive  (monumental) 
masonry  buildings. 

Basements  and  sub-basements  of  large,  fully  engineered 
structures  having  any  floor  system  over  the  basement  other 
than  wood,  concrete  flat  plate,  or  band  beam  support. 

Basements  of  wood  frame  and  brick  veneer  structures 
Including  residences. 

First  three  stories  of  buildings  with  "strong"  walls, 
less  than  ten  aboveground  stories,  and  less  than  SOT 
apertures . 

Fourth  through  ninth  stories  of  buildings  with  "strong" 
walls,  less  than  ten  aboveground  stories,  and  less  than 
SOT  apertures. 

Basements  and  sub-basements  of  buildings  with  a  flat  plate 
or  band  beam  supported  floor  system  over  the  basement. 

First  three  stories  of  buildings  with  "strong"  walls,  less 
than  ten  aboveground  stories,  and  greater  than  SOT 
apertures,  or  first  three  stories  of  buildings  with 
"weak”  walls  and  less  than  ten  aboveground  stories. 

All  aboveground  stories  of  buildings  having  ten  or  more 
stories.  Fourth  through  ninth  stories  of  buildings 
having  "weak"  walls. 

For  the  above  description,  load  bearing  walls  are  considered 
as  "weak"  walls. 

*  Taken  from  DCPA  Attack  Environment  Manual,  Chapter  2, 
as  revised  November  1974. 
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ERD  computed  for  a  unit  area  Is  divided  by  the  appropriate  PF  and  the  result 
compared  with  a  casualty  function  in  which  Che  median  lethal  dose  (MLD)  is 
taken  to  be  375  Roentgens  for  the  blast-injured  and  450  R  for  the  uninjured. 
For  radiation  injury  among  those  not  injured  by  blast  overpressure,  the 
median  injury  dose  is  250  R,  whereas  combined  injury  occurs  at  200  R. 

Another  feature  of  the  TEN0S  model  is  its  ability  to  "assign"  the 
population  to  best  available  shelter  according  to  appropriate  priority  rules, 
thus  approximating  the  assignments  chat  would  be  found  in  the  emergency 
public  information  materials  (newspaper  supplements  and  video  tapes)  produced 
by  the  Coamunicy  Shelter  Planning  (CSP)  program  element.  DCPA  practice  has 
been  to  limit  Che  population  of  Risk-Area  unit  areas  to  shelter  available 
within  the  same  unit  area  (equivalent  to  a  distance  of  a  mile  or  less)  and 
to  allocate  the  available  shelter  in  order  of  its  direct-effects  protective 
capability;  chat  is,  in  the  order  shown  in  Table  2.  Shelter  facilities  in 
Che  SSS  inventory  are  allocated  to  the  appropriate  unit  areas  and  the 
population  is  matched  against  the  aggregate  spaces  available,  beginning  with 
Category  A.  If  unsheltered  population  remains  in  the  unit  area  after  Che 
first  two  categories  are  used  up,  the  residual  is  assigned  in  part  to  home 
baseatents  and  in  part  to  lower  categories  of  public  shelter,  Che  proportion 
being  the  fraction  of  homes  with  basements  in  the  State  in  which  the  unit 
area  is  located.  In  many  unit  areas,  part  of  the  population  will  remain 
unsheltered  after  the  best  available  shelter  is  exhausted. 

In  Host  and  Neither  areas,  the  assignment  is  made  according  to  the 
level  of  fallout  protection  (home  basements  are  assigned  last)  and  unit 
areas  are  aggregated  into  10-minute  grids  to  permit  a  travel  distance  of 
up  to  five  miles  (8  kilometers). 
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A  final  feature  of  TENOS  chat  underlies  the  defense  scenario  model 
is  the  capability  to  model  a  people-co-people  crisis  relocation  of  Risk- 
Area  population  to  Host  Areas,  by  either  spontaneous  or  directed  evacua¬ 
tion.  The  population  of  all  Risk  unit  areas  can  be  multiplied  by  a  re¬ 
duction  factor,  and  the  population  of  Host  unit  areas,  by  an  expansion 
factor  to  represent  the  relocation  of  people. 

The  Defense  Scenario  Model 

The  defense  scenario  model,  as  developed  in  Reference  1,  was  built  on 
Che  3CPA  casualty  assessment  procedures  described  above.  It  was  implemented 
in  two  modes,  a  detailed  computer-based  version  in  which  the  calculations 
were  performed  unit-area  by  unit-area  and  an  approximation  version  that  could 
be  used  with  a  desk  calculator.  A  typical  layout  of  the  approximation  version 
is  shown  in  Table  3.  A  layout  of  this  kind  is  made  for  Che  aggregate  of  unit 
areas  in  Risk,  Host,  and  Neither  areas.  The  layout  for  Risk  areas  is  shown 
for  a  particular  civil  defense  posture  and  a  particular  nuclear  attack. 

The  left-hand  column  contains  a  series  of  events  in  the  defense 
scenario  at  which  an  accounting  of  changes  in  population  vulnerability  occurs. 
The  accounting  is  made  at  the  completion  of  each  event.  The  column  headings 
indicate  the  status  of  the  Risk  population.  Thus,  Shelter  Assignment  is 
assessed  at  the  completion  of  the  CSP  process  and  shows  where  the  population 
is  planned  to  be  sheltered.  Similarly,  Warning  Indicates  the  status  of 
movement  to  shelter  Just  before  detonations  occur. 

The  decimal  fractions  in  the  body  of  the  table  represent  the  fraction 
of  the  Risk  population  in  each  location.  The  Shelter  Assignment  line  totals 
to  1.0  and  reflects  the  aggregate  of  the  matching  of  population  to  ^st 


CASUALTY  ASSESSMENT  TABLE  EUR  RISK  AREA  UNDER  PROGRAM  B  (IN-PLACE) 
Practlon  or  Percent  of  Population  in  Various  Locations  taring  Emergency 
(Population  132,680,723  after  1SZ  Spontaneous  Evacuation) 


■available  shelter  in  all  Risk  unit  areas.  In  this  connection,  it  should 
be  noted  Chat  the  table  heading  indicates  that  the  program  under  consideration 
is  being  assessed  under  the  assumption  of  a  15-percent  spontaneous  evacuation. 
Thus,  the  population  of  each  unit  area  is  85  percent  of  its  resident 
population.  The  shelter  assignment  process  using  Che  TENDS  model  may  reflect 
this  soaewhat  reduced  competition  for  available  shelter  or  it  may  reflect  a 
CSP  based  on  the  original  Risk  population,  under  Che  assumption  chat  the 
residual  population  will  have  the  same  instructions.  (All  of  Che  numbers  in 
this  cable  are  demonstration  values  and  do  not  reflect  actual  program  analysis.) 
It  can  be  seen  Chat  in  this  shelter  assignment  about  32  percent  of  the  risk 
population  are  assigned  to  home  basements.  The  remaining  68  percent  are 
assigned  to  public  shelter,  which  includes  not  only  the  shelter  categories  of 
Table  2  but  also  two  additional  kinds  of  shelter,  X  and  Y,  that  are  peculiar 
to  the  program  being  evaluated.  These  night  be  shelters  constructed  in 
peacetime,  crisis-built  expedient  shelters,  buildings  upgraded  to  provide 
improved  fallout  protection,  and  Che  like.  There  is  no  unassigned  population 
in  chls  shelter  posture.  If  there  were,  they  would  be  identified  as 
"stay-pucs" . 

AC  Che  end  of  the  Warning  event,  the  cable  indicates  that  all  chose 
assigned  to  home  basements  are  assumed  to  be  there.  Thus,  the  Assignment  and 
Warning  entries  in  the  home  basement  "stay"  column  are  identical.  For  those 
assigned  to  public  shelter,  it  is  assumed  that  10  percent  are  unwarnable  or 
refuse  to  go  to  shelter.  Thus,  6.8  percent  of  the  Risk  population  (10  percent 
of  the  68  percent  assigned  to  public  shelter)  are  listed  as  stay-puts  and  will 
be  assessed  as  in  Category  6  of  Table  2.  This  assumption  also  implies  Chat 
only  61.2  percent  of  Che  population  actually  go  to  public  shelter.  Depending 
on  the  effectiveness  of  the  warning  system,  the  preparedness  of  the  population 
to  start  to  move,  the  distance  to  the  shelters,  and  the  timing  of  the  attack, 
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some  of  these  people  could  be  caught  in  Che  open  enroute  to  shelter. 

The  defense  scenario  model  provides  that  people  in  the  open  be  assessed 
at  an  MLOP  of  2  psi  and  that  the  survivors,  who  would  be  in  the  fringes 
of  direct  effects,  proceed  to  Che  assigned  shelters  for  protection  against 
fallout  radiation.  In  Table  3,  the  Warning  line  shows  that  it  is  estimated 
chat  no  one  is  in  Che  open  when  detonations  occur.  This  estimate  would  be 
different  under  ocher  performance  assumptions. 

Fatalities  due  to  direct  effects  are  assessed  on  Che  Detonation  line. 

The  population  fractions  shown  are  the  survivors.  To  make  these  estimates, 

Che  TENOS  model  is  called  upon  to  aggregate  the  results  of  Che  attack  on 
each  unit  area  in  terms  of  Che  distribution  of  the  Risk  population  with 
overpressure  and  ERD.  A  typical  Risk-Area  attack  environment  matrix  is 
shown  in  Table  «.  Values  of  ERD  are  the  line  headings  and  values  of  blast 
overpressure  are  the  column  headings.  The  entries  in  the  cable  are  the 
percent  of  the  Risk  population  experiencing  less  than  the  stated  ERD  and 
also  less  chan  the  stated  overpressure.  It  will  be  noted  that  Che  bottom 
tvo  lines  in  Table  4  are  identical,  indicating  that  none  of  the  Risk 
population  experiences  more  chan  30,000  ERD  (as  estimated  for  an 
unprotected  person).  Thus,  these  lines  define  Che  distribution  of  Che 
Risk  population  with  blast  overpressure. 

The  approximation  version  of  the  defense  scenario  model  employs  the 
"cookie-cutter"  assumption,  which  is  illustrated  in  Figure  1.  Shown  la  the 
DCPA  fatality  function  for  shelter  categories  "B/C"  and  "D" .  In  the  detailed 
version,  this  function  is  used  to  assess  fatalities  in  each  unit  area.  If 
the  maximum  overpressure  at  the  center  of  a  unit  area  were,  say,  S  psi,  about 
6.3  percent  of  the  shelter  occupants  would  be  assessed  as  fatalities.  Half 
are  fatalities  at  10  pal;  93.3  percent  at  15  psi.  The  approximation  version 


ATTACK  ENVIRONMENT  MATRIX  FOR  RISK  AREA 
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Fraction  Killad  (Par  cant) 
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uses  the  heavy  vertical  line  at  10  ?si  as  the  fatality  function.  If  the 
overpressure  is  less  than  10  psi,  there  are  no  fatalities.  Above  10  psi, 
there  are  no  survivors.  Since  the  detailed  casualty  function  is 
symmetrical,  this  is  a  very  good  approximation  for  large-scale  attacks 
where  the  population  is  aore-or-less  equally  distributed  over  all  but 
very  high  overpressures. 

In  Table  4,  the  bottom  line  indicates  chat  23  percent  of  the  Risk 
population  experiences  less  chan  10  psi.  This  is  the  percentage  survival 
shown  in  Table  3  for  home  basements  and  B/C  shelters.  The  ocher  estimates 
are  obtained  in  Che  same  manner. 

The  next  event  in  the  defense  scenario  concerns  the  threat  of  fire  in 
the  damaged  area  following  the  detonations.  Survivors  in  shelter  after 
the  Detonation  event  can  be  killed  by  fires  or  can  be  forced  to  flee  from 
shelters  threatened  by  fire.  In  this  demonstration  cable,  it  is  assumed 
that  half  of  the  survivors  in  every  shelter  category  except  Category  Y  are 
forced  from  their  shelters.  (Category  Y  shelters  are  single-purpose  buried 
shelters  that  are  fire  safe.)  Thus,  half  of  the  survivors  on  the  Detonation 
line  are  shown  in  parentheses  in  the  "Move"  column  opposite  the  Fire  event. 
(The  subdivision  of  this  group  into  R  and  N  fractions  is  discussed  below.) 
The  half  remaining  in  shelter  are  shown  in  the  Stay  column.  Since  the 
fractions  in  the  Stay  and  Move  columns  add  up  to  the  fraction  in  the  Stay 
column  in  Che  previous  event,  it  is  seen  chat  no  fatalities  result  from  Che 
Fire  event.  If  there  had  been  fatalities,  only  survivors  would  be  shown  in 
the  Stay  and  Move  columns.  The  effect  of  Che  fire  event,  Chen,  is  to  force 
about  half  of  the  Risk  population  out  of  shelter  where  they  are  vulnerable 
to  ensuing  fallout.  The  average  time  at  which  this  is  assumed  to  occur  is 
shown  ined  lately  below  the  Fire  entry  as  D  ♦  1  or  24  hours  after 
detonation . 
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Slmilarly,  shelterees  can  be  forced  from  shelter  prematurely  by  lack 
of  drinking  water  or  an  untenable  shelter  environment.  Shown  In  Table  3 
is  the  event,  "Vater",  In  which  lack  of  drinking  water  forces  all  of  the 
remaining  people  from  public  shelter  (except  Category  Y)  it  Q  ♦  2.  In 
residences  (home  basements  and  stav-puts),  water  Is  assumed  available  In 
hot-water  tanks  and  the  like  for  those  survivors  experiencing  less  than  4 
psi  blast  overpressure.  Carnage  is  assumed  to  wreck;  these  sources  of  water 
above  4  pal.  Thus,  at  the  end  of  the  second  day  only  those  shelterees  In 
Category  Y  shelters,  stay-puts,  and  some  survivors  In  home  basements  remain 
sheltered  from  fallout. 

The  last  event  In  the  defense  scenario,  "Emergence",  Is  a  reminder  that 
survivors  cannot  remain  In  shelter  forever.  In  Table  3,  emergence  is  taken 
arbitrarily  to  be  two  weeks  after  attack.  Thus,  at  the  end  of  the  scenario 
no  one  remains  in  shelter.  All  have  moved  from  shelter  as  a  consequence  of 
either  a  threat  or  ultimate  emergence. 

The  calculation  of  radiation  fatalities  resulting  from  the  defense 
scenario  depends  both  on  the  fallout  environment  represented  by  the  attack 
environment  matrix  of  Table  4  and  on  the  effective  fallout  protection 
received  by  the  population.  The  rated  protection  factors  of  Table  2  assume 
an  indefinite  stay  In  shelter.  The  effect  of  leaving  a  shelter  at  a 
definite  time  Is  shown  In  Figure  2.  Here,  the  upper  curves  shows  the  growth 
of  ERD  In  a  decaying  fallout  field  for  various  times  of  onset  of  exposure. 
For  fallout  arrival  at  1  hour,  for  example,  the  dose  Increases  rapidly  at 
first  and  then  levels  off  as  the  radiation  Intensity  decreases  and  some  of 
the  Injury  is  repaired  by  the  body.  A  maximum  Is  reached  at  about  100  hours 
after  which  biological  repair  exceeds  the  rate  of  new  Injury.  For  later 
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times  of  onset,  che  rise  is  steeper  but  peaks  ac  a  lower  dose.  Ic  is  Che 
maximum  reached  chac  is  equivalent  Co  a  brief  exposure. 

In  che  lower  illustration,  a  situation  is  shown  in  which  a  person 
remains  in  a  shelter  having  a  raced  protection  factor  of  100  for  2  weeks 
and  then  emerges  to  live  carefully  at  a  PF  of  5.  His  ERD  peaks  in  shelter 
ac  100  hours  with  a  dose  chat  is  one-hundredth  of  that  of  che  corresponding 
unprotected  curve  in  the  upper  illustration.  L’pon  emergence,  the  ERD  starts 
to  rise  again  and  peaks  ac  a  higher  level  chan  before.  It  is  this  latter 
peak  chac  must  be  used  for  casualty  assessment.  Also  shown  is  a  dashed  curve 
with  a  maximum  equal  to  che  later  peak.  This  level  is  one-f orcy-seventh  of 
the  one-hour  unprotected  dose  in  the  upper  illustration.  Thus,  living  in  a 
PF  100  shelter  for  two  weeks,  followed  by  living  ac  a  PF  of  5  is  equivalent 
to  staying  indefinitely  in  a  shelter  with  a  protection  factor  of  47.  This 
is  the  effective  PF  for  che  exposure  regime  shown. 

The  effective  PF  depends  both  on  che  time  of  shelter  leaving  and  on  che 
protection  sffordtd  after  leaving  che  shelter.  The  defense  scenario  model 
assumes  a  post-shelter  PF  of  5  if  no  remedial  radiological  measures  are 
available.  Remedial  measures  consist  mainly  of  movement  out  of  high  fallout 
areas  into  areas  of  markedly  lower  hazard,  a  form  of  post-attack  relocation. 
Comparable  countermeasures  are  movement  to  another  shelter  and  decontamination 
of  che  surroundings.  Actual  measures  are  expected  to  be  a  combination  of  these. 
The  defense  scenario  calculation  assumes  a  four-hour  movement  to  an  ares  of 
much  lower  hazard.  The  effective  PFa  for  these  two  conditions  are  shown  in 
Figure  3  for  a  fallout  arrival  time  of  1  hour,  which  is  assumed  in  Risk  areas. 
The  assumed  fallout  arrival  time  in  Host  and  Neither  areas  is  3  hours.  Tables 
of  affective  protection  factors  for  a  5-hour  arrival  time  are  used  for 
calculations  in  these  areas.  Note  in  Figure  3(a)  that  leaving  a  100  PF  shelter 
at  14  days  yields  an  effective  PF  of  47,  as  in  Figure  2(b)  whereaa  remedial 
movement  (lower  figure)  preserves  a  PF  of  100. 


Tim*  of  L*avmg  Shelter 


Rat*d  PF 

(a)  No  Remedial  Moving 


Tim*  of  Leaving  Shelter 
0  ♦  14  days 


Rated  PF 

(b)  With  Remedial  Moving 


FIGURE  3:  EFFECTIVE  PF  FOR  FALLOUT  ARRIVAL  TIME  OF  ONE  HOUR 


In  Table  3,  each  population  fraction  leaving  shelter  as  the  result  of 
an  event  in  the  defense  scenario  is  partitioned  into  tvo  parts:  the  R 
fraction  that  Is  afforded  remedial  measures  and  the  N  fraction  chat  is  not. 

The  appropriate  effective  PF  is  multiplied  by  the  median  lethal  dose  of 
450  R  and  the  result  used  in  Table  4  to  determine  the  fraction  of  Che  blast 
survivors  who  survive  radiation.  The  results  are  summarized  in  Table  3 
for  each  shelter  class  at  Che  bottom  of  the  layout.  If  Che  bottom  line 
were  summed,  the  total  would  be  16.2  percent  of  the  Risk  population  sur¬ 
viving  this  particular  attack  for  the  particular  performance  assumptions  used. 

The  approximation  method  illustrated  in  Table  3  traces  survivors  only 
and  not  injured  and  uninjured  survivors  as  in  the  detailed  computerized 
version.  Hence,  it  overestimates  survivors  somewhat  compared  to  the  detailed 
version  because  Che  MLD  of  450  R  is  applied  to  all  survivors  without 
consideration  of  the  lower  MLD  for  Che  blast  Injured.  Results  using  the 
approximation  version  of  cne  defense  scenario  model  were  normalized  by 
comparison  with  computer  runs  using  the  detailed  version.  This  deficiency 
has  been  corrected  in  the  Population  Defense  Model  described  in  Che  next 
section. 


The  Program  Analysis  Model 


As  noted  above,  the  purpose  of  Che  program  analysis  model  is  to  provide 
a  mechanism  for  translating  program  activity  into  input  parameters  for  Che 


defense  scenario  so  that  casualty  reduction  can  be  traced  back  to  contributing 
program  elementa.  The  earlier  study  was  based  on  the  concept  chat  civil 


defense  is  performed  by  two  systems: 


Preparedness  system:  the  one  that  is  now  incurring  the  costs 
appropriated  for  the  various  elements  of  the  preparedness  program 
by  performing  the  functions  listed  in  Table  5  so  as  to  build  the 
operating  system  and  give  it  operating  capabilities. 


•  Operating  system:  the  one  that  in  a  nuclear  defense 
emergency  would  perform  those  of  the  activities  listed 
in  Table  6  to  the  extent  of  system  capability  so  as  to 
achieve  reduction  in  casualties. 

Depending  on  the  predominant  characteristic  of  the  attack  environment 
at  a  given  time,  one  function  (the  central  countermeasure)  of  the  operating 
system  would  directly  achieve  a  reduction  in  casualties.  Other  operating 
functions  (countermeasures)  would  support  the  central  countermeasure  either 
directly  or  indirectly.  Therefore,  each  central  countermeasure  and  its 
supporting  countermeasures  constitute  a  set  of  countermeasures  in  which: 

e  The  Central  Countermeasure  performs  the  function  required 
to  reduce  casualties  in  the  particular  attack  environment. 

e  Primary  Support  Countermeasures  are  those  that  are  essential 
to  the  performance  of  the  central  countermeasure.  Inability 
to  support  the  central  countermeasure  would  seriously  degrade 
its  performance. 

•  Secondary  Support  Countermeasures  are  those  that  support 
the  primary  support  countermeasures.  Inability  to  do  so 
would  seriously  degrade  the  primary  support  countermeasures. 

Identification  of  these  countermeasure  sets  and  definition  of  the  relation¬ 
ships  among  the  countermeasures  in  them  was  a  major  task  in  the  development 
of  the  Program  Analysis  Model  (PAM)  described  in  Section  IV. 

In  that  task,  and  in  the  definition  of  the  relationships  between  the 
operating  and  preparedness  systems  which  was  not  treated  in  the  earlier  study, 
it  was  found  that  some  of  the  theoretical  differences  drawn  in  the  past  caused 
problems  in  the  practical  application.  Therefore,  the  structures  of  the  two 
systems  were  modified  somewhat  to  simplify  the  definition  of  the  relationships 


between  them. 


-24- 
Table  5 

PREPAREDNESS  SYSTEM  FUNCTIONS  AND  CONTROLS 

Functions  Mission 

1.  Developing  System  To  design  and  test  the  total  operating  system 

and  sets  of  its  elements. 

2.  Developing  Program  To  design  and  plan  an  action  program  for  building 

the  operating  system. 

3.  Providing  Facilities  To  design,  find,  identify,  construct,  improve, 

maintain,  and  test  structures  and  other  fixed 
facilities  for  use  in  the  operating  system. 

4.  Equipping  To  design,  procure,  distribute,  install,  maintain, 

and  test  non-expendable  equipment  for  use  in  the 
operating  system. 

5.  Supplying  To  design,  procure,  distribute,  maintain,  and  test 

consumable  supplies  for  use  in  the  operating  system. 

6.  Developing  Operations  To  design,  plan,  and  test  operations  to  be 

performed  by  the  operating  system. 

7.  Organizing  To  (a)  assign  roles  and  missions  and  establish 

relationships  among  elements  of  the  operating 
system;  (b)  recruit,  train,  and  assign  people  to 
staff  che  operating  system;  and  (c)  design  and  test 
the  procedures  to  be  used  in  che  operating  system. 

3.  Informing  che  Public  To  inform  the  public  in  peacetime  and  to  design 

and  test  che  materials  and  methods  chat  che 
operating  system  will  use  for  informing  che  public 
in  che  emergency. 

Controls 

1.  Organizing  To  (a)  recruit,  train,  and  assign  staff  and  (b) 

provide  facilities,  equipment,  supplies,  services, 
and  operating  doctrine  for  the  preparedness  system. 

2.  Planning  To  define  preparedness  system  problems  and  inform 

the  executive  of  the  available  courses  of  action 
and  their  probable  results  and  risks. 

3.  Informing  To  acquire  data,  process  them  into  che  required 

form,  store  and  retrieve  them,  and  communicate  them 
to  the  person  who  needs  them  when  he  needs  them  for 
use  in  the  functioning  of  the  preparedness  system. 

4.  Deciding  To  form  a  Judgment  as  to  che  relative  worth  of 

alternative  courses  of  action  and  to  select  Che 
one  to  be  taken  by  the  preparedness  system. 

3.  Commanding  To  require  chat  a  selected  course  of  action  be  taken 

by  the  preparedness  system  and  to  review  its  effects. 
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Table  6 

OPERATING  SYSTEM  FUNCTIONS  AND  CONTROLS 
Functions  Mission 

1.  Sheltering  To  shield  against  weapon  and  attack  effects  and 

to  provide  a  viable  environment  for  shelter  occupants. 

2.  Warning  To  alert  people  and  to  inform  them  so  chat  prudent 

persons  will  act  to  bring  themselves  into  the  system 
as  intended. 

3.  Moving  To  move  people  to  where  the  system  can  protect  or 

support  them  and  back  home  when  displacement  is  no 
longer  needed. 

Rescuing  To  assist  people  to  move  from  a  hazardous  place  to 

one  of  lesser  hazard. 

Maintaining  Health  To  minimize  the  spread  of  disease. 

Fire  Fighting  To  minimize  personal  injury  and  property  damage  by 

reducing  thermal  flux,  probability  of  Ignition,  and 
burning  rate;  and  by  suppressing  fires. 

Maintaining  Law  To  protect  people  and  property  against  illegal  acts 

and  Order  and  to  improve  system  effectiveness  by  maintaining 

order . 


8. 

Protecting  Livestock 

To  minimize  damage  to,  and  denial  of  the  product 
of,  livestock. 

9. 

Protecting  Industry 

To  minimize  damage  to,  and  denial  of  the  product 
of,  industry. 

10. 

Providing  Medical 

Care 

To  minimize  death  and  disability  from  illness  and 
Injury  and  to  care  for  those  displaced  because  of 
Che  threat  of  the  attack  effects. 

11. 

Feeding 

To  provide  food  and  water  for  chose  displaced  by 
attack  or  threat  of  attack,  or  for  chose  to  whom 
normal  supply  channels  are  closed. 

12. 

Housing 

To  provide  temporary  lodging  to  people  displaced 
in  a  strategic  or  remedial  movement. 

13. 

Restoring  Facilities 

To  repair  or  replace  utilities  and  facilities  vital 
to  the  survival  of  the  people  and  Che  functioning 
of  the  system. 

14. 

Decontaminating 

To  minimize  denial  ci  access  and  radiation  damage 
by  removing  contaminating  radioactive  materials. 

15. 

Providing  Welfare 
Services 

To  provide  material  aid  and  counsel  for  people 
displaced  by  attack  or  threat  of  attack. 

5. 

6. 


Table  6  (concluded) 

OPERATING  SYSTEM  FUNCTIONS  AND  CONTROLS 


Controls 


Mission 


Organizing 


Planning 


Informing 


Deciding 


Command ing 


To  control  the  employment  of  available  staff, 
facilities,  equipment,  and  supplies  so  as  to 
maximize  system  readiness  to  use  its  remaining 
capability  in  the  real  emergency  environment. 

To  define  the  problems  existing  in  the  situation 
and  to  inform  the  executive  concerning  the  courses 
of  action  available  to  him  and  the  probable 
results  and  expected  risks  for  each. 

To  acquire  data,  process  them  into  the  required 
fora,  store  and  retrieve  them,  and  communicate 
them  to  the  persons  who  need  them. 

To  Judge  the  relative  worth  and  desirability  of 
alternative  courses  of  action  and  to  select  the 
course  to  be  taken. 

To  require  that  a  selected  course  of  action  be 
taken  and  to  review  the  effects  of  taking  it. 
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III.  THE  POPULATION  defense  model 


General 

The  population  defense  model  (POPDEF)  Is  an  evolutionary  development 
of  the  defense  scenario  model  of  the  previous  report*  in  this  series.  The 
objectives  of  the  development  have  been  to  expand  the  model  to  include  all 
of  the  activities  that  contribute  to  casualty  reduction  and  to  improve  the 
basis  for  estimating  performance;  that  is,  effectiveness  under  nuclear  attack. 
The  conceptual  analysis  applies  both  to  the  detailed  computations  performed 
unit-area  by  unit-area  and  to  the  approximat ion  model.  The  necessary  expansion 
of  the  analysis  to  accomplish  the  objectives  would  make  the  detailed  model  a 
time-consuming  program  on  the  DCPA  computer  and  therefore  not  well-suited  to 
use  for  program  design.  Hence,  the  detailed  version  has  not  been  implemented. 
Rather,  emphasis  has  been  focused  on  the  approximation  model.  Earlier 
comparisons  of  the  results  from  the  detailed  and  approximation  versions  of  the 
defense  scenario  model  have  provldec  confidence  that  the  revised  population 
defense  model  in  the  approximation  form  gives  reasonably  valid  results — results 
that  are  conditioned  primarily  by  the  quality  of  the  input  information  and 
only  secondarily  by  the  approximations  employed. 

At  the  same  time,  the  necessary  expansion  of  the  model  has  removed  the 
approximation  model  from  the  category  of  a  desk-top  or  hand-calculation 
technique.  As  a  consequence,  the  approximation  version  of  the  population 
defense  model  has  been  implemented  on  the  XPA  computer  and  is  operational. 
Example  results  are  exhibited  in  Section  V.  The  essential  features  of  this 

model  (POPDEF)  will  be  described  in  this  section.  The  computational  program 

2 

is  contained  in  the  companion  report. * 
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3<isic  Features 

POPDEF  operates  on  three  regions  —  Risk,  Host,  and  Neither  —  using 
data  aggregated  from  the  unit  areas  by  the  TENOS  model.  At  present,  these 
are  defined  on  the  basis  of  the  DCPA  publication  TR-82;’:  that  is,  the  Risk 
region  encoopasses  all  of  the  risk  areas  defined  In  TR-82  and  the  Neither 
region  includes  the  "green"  counties  In  TR-92.  The  Host  region  is  the 
remainder.  For  each  region,  TENOS  is  used  to  determine  the  population  of 
the  region  for  a  stipulated  fraction  of  the  resident  population  of  the  Risk 
region  relocated  to  the  Host  region  (FCR),  the  distribution  of  this  population 
with  respect  to  attack  effects  (overpressure  and  ERD) ,  and  the  population 
assignment  to  shelter  categories,  as  discussed  in  Section  II. 

The  model  accommodates  ten  shelter  categories,  two  of  which  are  reserved 
for  those  at  random  in  residences  (unsheltered,  unwarned,  stayputs,  etc.)  and 
for  those  in  the  open  at  time  of  detonation.  Each  shelter  category  is  defined 
by  rated  protection  characteristics  —  MLOP ,  MCOP,  and  PF  —  that  are  Intended 
to  reflect  r andoa  location  and  posture  In  the  shelter  area  and  minimal  medical 
care  for  the  injured.  Thus,  the  maximum  number  of  location  columns  In  an 
illustrative  tableau  Is  one  more  than  the  nine  shown  In  Table  3. 

A  major  change  Introduced  In  POPDEF  is  that  blast  Injuries  are  calculated 
at  the  same  time  as  are  blast  fatalities.  Thus,  a  representational  tableau, 
such  as  shown  in  Table  7,  has  four  columns  under  each  location  except  for  chose 
in  the  open.  These  are  labeled  SU  and  SI  for  "Scav-Unln jured"  and  "Stay-Injured" 
and  MU  and  MI  for  "Move-Uninjured"  and  "Move- Injured" .  This  change  has  been 
Introduced  to  allow  the  computation  to  reflect  the  greater  vulnerability  of  the 
blast  Injured  to  fallout  radiation,  as  Is  done  In  the  detailed  version.  Some 
general  features  of  the  model  are  shown  in  Table  7.  The  first  event  In  the 
defense  scenario  la  Che  Shelter  Assignment;  that  la,  where  It  la  planned  that 


-29- 


-30- 


the  population  be  sheltered.  The  entries  are  In  fractions  of  the  Risk 
population  remaining  after  a  major  crisis  relocation  and  total  to  unity. 

They  are  drawn  froa  a  TENOS  allocation  that  matches  people  to  shelter  unit- 
area  by  unit-area.  The  first  three  main  column  headings  cover  chose  assigned 
to  home  basements,  chose  at  random  In  residences  (stay-puts),  and  chose  in 
the  open  at  CLae  of  attack.  The  remaining  columns  cover  the  public  shelter 
categories.  No  one  is  planned  to  be  in  the  open  but,  in  this  example,  20.4 
percent  of  the  Risk  population  have  no  shelter  assignment  and  are  listed  as 
stay-puts . 

The  next  event.  Warning,  shows  the  disposition  of  Che  population  after 
Che  Warning  process  and  Just  prior  to  weapon  detonations.  Some  people  may 
not  have  heard  or  recognized  Che  warning,  may  be  in  the  process  of  preparing 
to  move  to  shelter,  or  may  refuse  to  cake  action.  This  fraction  may  be 
specified  for  each  public  shelter  category  and  for  home  basements.  The 
stay-puts  are  deducted  from  Che  assigned  fractions  and  added  to  the  Stay-Put 
column.  Additionally,  some  fraction  of  chose  moving  to  public  shelter  may 
be  caught  in  the  open  at  time  of  detonation.  This  fraction  may  be  specified 
for  each  public  shelter  class.  They  are  deducted  from  the  planned  shelter 
assignment  and  placed  in  Che  In-Open  column.  In  this  example,  there  are 
neither  sta\-puts  nor  people  caught  in  the  open  in  shelter  category  "X,"  which 
are  key-worker  shelters  in  or  adjacent  to  the  work  place.  Hence,  the  shelter 
assignment  fraction  is  repeated  on  the  warning  line.  In  ocher  public  shelters 
there  arc  both  stay-puts  and  people  caught  in  the  open  that  reduce  the  assigned 
fraction.  In  home  basements,  11  percent  have  not  moved  to  the  basement  and 
are  reclassified  as  stay-puts. 

At  the  Detonation  event,  fatalities  and  injuries  from  direct  effects  are 
assessed.  The  surviving  uninjured  and  injured  are  shown  in  parentheses  in 
the  Stay  column  under  each  location.  The  sum  of  uninjured  and  injured  are  the 
total  survivors  in  the  location.  The  entries  are  in  fractions  of  the  total 
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Risk  population  and  are  obtained  by  entering  the  appropriate  attack 
environment  matrix  (similar  to  Table  4)  with  the  MLOP  and  MCOP  for  each 
location.  The  fraction  of  the  population  experiencing  less  than  the  MLOP 
are  classed  as  survivors  and  the  fraction  less  the  MCOP  are  uninjured 
survivors.  The  underlying  assumption  is  that  the  population  in  each  shelter 
class  is  distributed  with  respect  to  attack  effects  identically  with  the 
total  population.  This  assumption  has  not  been  tested  in  detail  but  appears 
to  be  a  close  approximation  based  on  comparison  of  the  detailed  and  approximation 
model  results  for  the  earlier  defense  scenario  model. 

The  detonation  survivors  are  then  partitioned  into  those  who  are  trapped 
in  debris  and  those  who  are  not.  This  is  accomplished  by  associating  with 
each  location  a  median  trapping  overpressure  (MTOP) .  Survivors  experiencing 
less  than  the  MTOP  are  not  trapped.  Further,  a  value  is  assigned  to  the 
fraction  of  the  trapped  who  are  uninjured.  This  permits  the  trapped  and  not- 
trapped  to  be  defined  as  uninjured  or  injured.  The  sum  of  trapped  and  not- 
trapped  in  each  column  must  equal  the  survivors  carried  in  parentheses  on  the 
Detonation  line.  This  procedure  is  necessary  so  that  the  Rescue  and  Fire 
events  can  be  assessed. 

The  Rescue  event  operates  only  on  the  trapped  survivor  fractions.  Hence, 
the  entries  in  the  Stay  columns  are  the  fraction  not  trapped.  An  exception 
are  the  survivors  of  those  who  were  caught  in  the  open.  Since  the  MLCP  for 
this  group  is  usually  taken  to  be  either  2  or  3  psl,  the  survivors  are  in  the 
light ly-dasuged  region  and  arc  assumed  to  continue  to  their  assigned  public 
shelter,  as  indicated  by  the  arrows  in  the  In-Open  column.  Accordingly,  the 
entries  in  the  public  shelter  Stay  column  are  somewhat  higher  than  the  entries 
on  the  Not  Trapped  line.  (Rounding  of  entries  does  not  always  show  this. 

The  actual  computation  always  includes  the  necessary  adjustment.) 
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Those  of  che  crapped  who  are  rescued  are  shown  in  che  Move  column 
for  each  Locadon,  where  chey  are  pardcioned  lnco  chose  afforded  remedial 
radiological  measures  (R)  and  chose  who  are  noc  (N) .  These  sub-secs  sum 
co  che  cocals  in  parencheses,  which  in  curn  represenc  che  fraccion  of  che 
crapped  who  are  rescued.  Those  who  are  noc  rescued  are  assessed  as  facalicies 
and  drop  ouc  of  che  cableau.  which  craces  che  face  of  che  survivors.  The 
effecdve  ciae  ac  which  rescue  occurs  (90  hours  afcer  deconadon  in  che 
example)  depends  on  che  analysis  of  che  rescue  operadon,  as  discussed  lacer . 

The  Fire  evenc  operaces  on  che  noc-crapped  fraccion  shown  In  Che  Seay 
columns  on  che  Rescue  line.  Some  fraccion  of  chese  may  be  forced  co  abandon 
che  shelcer  locadon  because  of  Che  chreac  of  fire.  These  are  shown  In 
parencheses  in  Che  Move  columns.  In  Che  example  shown  in  Table  7,  Shelcer 
cacegories  "A"  and  "X"  are  Judged  noc  Co  be  ac  fire  risk;  hence,  che  Move 
columns  are  blank.  On  che  ocher  hand,  shelcer  cacegory  "G/H/I"  is  subjecc 
Co  fire  risk  alchough  che  populadon  fraccion  forced  co  move  is  so  small  chac 
lc  rounds  co  zero  in  che  cable.  The  small  fraccion  is  carried  in  che  acCual 
calculadon.  The  fracdon  forced  ouc  of  shelcer  as  well  as  chose  remaining 
in  che  Seay  column  can  also  be  reduced  co  accounc  for  fire  facalicies.  As 
in  che  Rescue  evenc,  che  fracdon  forced  co  move  la  pardcioned  lnco  (R)  and 
(N)  fracdons. 

The  nexc  evenc  in  che  scenario  accouncs  for  Chose  forced  premacurely 
from  shelcer  because  of  lack  of  drinking  wacer.  The  fracdons  forced  Co 
move  are  relaced  co  che  avallablllcy  of  scored  wacer  and  co  che  effaces  of 
damage  on  che  wacer  supply.  The  effecdve  else  ac  which  movemenc  occurs  is 
relaced  Co  che  heac  envlronaenc  In  che  shelcer  (as  is  che  subsequenc  Vencilidon 
evenc),  which  in  Curn  is  a  funedon  of  cliaace  and  dae  of  year  In  which  Che 
accack  occurs.  As  discussed  lacer,  che  currenc  analysis  resulcs  in  dlfferenc 
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et'fective  times  for  the  (R)  and  (N)  fractions.  One  aspect  of  these  events 
is  the  setter  of  preattack  stocking  of  water  containers  and  ventilation 
devices.  In  the  example,  only  shelter  category  "X"  is  assumed  to  be  so 
stocked.  Hence,  only  occupants  of  this  shelter  category,  stay-puts,  and 
survivors  in  home  basements  in  the  low  overpressure  region  remain  in  shelter 
until  final  emergence. 

As  discussed  In  Section  II,  each  population  fraction  in  the  Move  columns 
is  accorded  an  effective  protection  factor  (EPF)  against  fallout  radiation 
based  on  the  rated  protection  of  the  shelter  category,  the  time  of  shelter¬ 
leaving,  and  availability  of  remedial  radiological  measures.  The  EPF 
is  used  in  conjunction  with  the  attack  environment  matrix  and  the  appropriate 
median  lethal  dose  (MLD)  and  median  sickness  dose  (MSD)  to  determine  the 
injured  and  uninjured  survivors  from  fallout  radiation.  Note  that  at  the 
conclusion  of  the  scenario  all  survivors  are  in  the  Move  columns. 

Three  events  in  the  revised  defense  scenario  have  been  omitted  from 
Table  7  as  a  matter  of  convenience.  These  events,  which  do  not  affect  the 
population  fractions  in  the  Stay  and  Move  columns,  are  discussed  below. 

The  Revised  Defense  Scenario 

Aa  an  aid  in  explaining  the  operation  of  the  Population  Defense  Model 
in  more  detail.  Table  S  shows  the  revised  tableau  for  a  single  shelter 
category,  the  ”B/C"  category  of  Table  7.  As  noted  in  Table  1,  these  shelters 
are  In  the  basements  and  sub-basements  of  large  buildings.  The  entries  In 
Table  8  are  the  same  as  those  in  Table  7  for  this  category  except  that  the 
entries  are  in  percentages  of  the  Risk  population  rather  than  decimal  fractions 
and  are  carried  to  one  more  significant  figure  for  illustrative  purposes. 
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Slnce  che  population  in  chia  cacegory  are  all  forced  from  shelcer  by  the 
end  of  che  Vendlacion  evenc,  che  Emergence  evenc  has  been  omicced.  Also 
shown  in  Table  8  are  che  inpucs  Co  che  coopucac ional  program  chat  muse  be 
specified,  together  with  example  values  of  Che  inpuc  paramecers.  The  acCual 
calculacions  are  made  in  terms  of  population  rather  chan  percentages  or 
decimal  fractions;  hence,  che  resident  population  of  che  Risk,  Hose,  and 
Neither  areas  are  also  an  inpuc  co  che  computation.  FCR,  che  fraction  of  che 
Risk  population  chat  has  relocated  co  che  Hose  area  prior  co  attack,  thus 
defines  che  population  In  Che  Risk  Area  at  time  of  attack.  FCR  is  taken  here 
Co  be  77  percent.  The  value  of  FCR  is  calculated  by  means  of  the  Program 
Analysis  Model  described  in  che  next  section.  The  specific  procedure  for 
calculating  FCR  is  provided  in  Appendix  B.  The  fraction  of  che  population 
assigned  to  shelter  cacegory  ’'B/C"  is  FA,  which  is  che  output  of  the 
*&8reg*te  che  TEN'OS  shelcer  assignment  process  at  che  unit  area  level. 

In  this  example,  as  in  Table  7,  FA  is  0.293.  Thus,  29.3  percent  of  che 
residual  population  in  che  Risk  area  is  assigned  to  this  shelter  cacegory. 

To  obtain  the  fraction  of  che  population  actually  in  this  shelcer  cacegory 
at  time  of  detonation,  two  inputs  must  be  specified:  FS,  the  fraction  not 
moving  co  shelter,  and  FE,  the  fraction  caught  in  the  open  enroute  to  shelter. 
These  inputs  are  also  generated  by  the  Program  Analysis  Model  as  discussed  in 
Section  IV  and  in  Appendix  B.  The  example  values  shown  in  Table  8  are  0.12 
for  FS  and  0.03  for  FE.  Thus,  the  assignment,  29.3  percent,  must  be  multiplied 
by  0.12  to  find  chat  3. 52  percent  of  the  population  are  stay-puts  at  time  of 
attack.  The  remainder,  25.78  percent  of  che  population,  move  co  shelter. 

Of  these,  3  percent  are  caught  enroute,  leaving  25.01  oercent  in  shelter 
category  "B/C”  at  time  of  attack. 

The  Protective  Posture  event  is  now  Introduced  into  the  scenario.  This 
activity  does  not  change  the  amount  of  population  In  shelter  but  It  changes 
the  vulnerability  of  this  population  to  attack  effects.  The  rated  protection 
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characteristics  of  the  "B/C"  shelter  category  (MLOP,  MCOP,  ?F,  and  the 
casualty  functions  on  which  they  are  based)  assume  random  location  and 
posture  (standing,  sitting,  or  lying  down).  If,  for  example,  shelter  managers 
were  to  seat  shelterees  along  the  walls  and  around  columns  away  from  the 
center  of  celling  spans,  both  fatalities  and  injuries  would  be  reduced.  This 
defense  action  is  accounted  for  in  the  computation  by  means  of  the  Inputs 
LMLOP  and  LMCOP.  Estimates  of  these  parameters  are  obtained  in  two  steps: 
first  "technical"  estimates  are  made  of  the  fractional  Increase  in  MLOP  and 
MCOP  if  everyone  were  in  the  protective  posture.  This  potential  Increase  is 
then  multiplied  by  an  estimate  of  the  fraction  of  the  shelter  population 
actually  in  the  protective  posture  to  obtain  the  net  LMLOP  and  LMCOP .  The 
pr  cedure  for  making  these  estimates  by  means  of  the  Program  Analysis  Model 
is  van  in  Appendix  3.  In  this  example,  both  LMLOP  and  LMCOP  are  assessed 
at  j  percent.  This  means  that  the  survivors  on  the  Detonation  line  will  be 
aasessed  by  entering  the  attack  environment  matrix  with  an  MLOP  of  10.3  psi 
rather  than  10.0  psi  and  an  MCOP  of  7.2  psi  rather  than  7  psi.  This  procedure 
is  satisfactory  because  the  distribution  of  population  with  overpressure  Is 
uniform  in  the  region  of  Interest  for  large  attacks. 

Similarly,  the  rated  PF  of  a  shelter  is  based  on  random  location  and 
posture.  If,  after  fallout  arrival,  a  shelter  monitor  or  manager  is  able 
to  locate  the  safest  place  In  the  shelter  area  and  group  the  occupants  there, 
a  substantial  Improvement  In  fallout  protection  can  usually  be  achieved.  In 
shelter  category  "B/C*’,  the  "technical”  estimate  Is  75  percent  (APF  •  0.75) 

If  all  shelter  occupants  assume  the  fallout  protective  posture.  In  POPDEF, 
the  estimate  of  the  fraction  of  the  shelter  population  actually  In  the 
protective  posture,  FPF,  Is  not  multiplied  by  the  potential  APF  to  obtain  a 
net  value.  Bather,  the  survivors  In  shelter  are  divided  Into  two  groups,  one 
at  the  rated  PF  and  one  at  the  augmented  PF.  Thus,  in  the  example  shown  In 
Table  8,  95  percent  of  the  occupants  would  be  assessed  at  a  rated  PF  of  500 
and  5  percent  at  a  PF  of  875 
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The  event.  Medical  Care,  is  shown  at  this  point  in  the  scenario 

because  it  is  the  third  defensive  action  that  can  alter  Che  casualty 

outcome  without  changing  the  location  of  the  population.  It  is  shown 

in  parentheses  because  it  has  not  yet  been  operationalized  in  POPDEF. 

Although  the  effect  of  medical  care  in  reducing  fatalities  from  burns 

7. 9 

and  trauma  has  been  analyzed  in  the  past,  '  these  analyses  have  not 
been  in  a  form  chat  would  permit  application  to  the  fatality  functions 
ascribed  to  the  shelter  categories  developed  by  DC? A  (Table  1).  Hence, 

Che  fatality  functions  currently  used  in  POPDEF  and  TENOS  are  based  on 
minimal  medical  care.  If  new  fatality  functions  appropriate  to  levels 
of  medical  care  were  to  become  available,  the  Medical  Care  function  could 
be  implemented  in  POPDEF  in  a  manner  analogous  to  the  blast  protective 
posture  procedure.  If  all  Injured  survivors  were  to  receive  some  level 
of  medical  care,  the  effect  would  be  to  Increase  MLOP.  (Medical  care  of 
non-facal  injuries  would  not  change  the  number  of  uninjured  -  MCOP  — 
and  could  only  contribute  to  one  of  Che  ocher  measures  of  effectiveness 
discussed  in  Section  VI,  such  as  maximizing  of  Che  work  force.)  The 
Program  Analysis  Model  could  be  expanded  to  produce  estimates  of  Che  fraction 
of  the  population  receiving  medical  care.  The  product  would  produce  a  1ML0P 
that  would  be  additive  to  chat  produced  by  the  blast  protective  posture.  The 
effect  of  medical  care  in  reducing  radiation  fatalities  could  be  implemented 
by  altering  Che  MLDs  currently  uaed  in  POPDEF.  Again,  quantitative  estimates 
of  this  effect  from  an  authoritative  source  are  unavailable. 

The  Detonation  survivors  shown  in  parentheses  in  Table  8  arc  obtained  by 
applying  Che  MLOP  and  MCOP  shown  in  the  Input  column  modified  by  A MLOP 
and  AMCOP  as  previously  discussed.  Similar  use  of  MTOP  in  the  attack 
environment  matrix  defines  the  fraction  not  crapped  and,  by  difference,  the 
fraction  of  survivors  trapped.  MTOP  is  the  median  or  50-percent  level  of  a 
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crapping  function  of  Che  same  fora  as  the  fatality  function  shown  in 
Figure  1.  It  defines  the  fraction  trapped  plus  killed  as  a  function  of 
overpressure,  just  as  the  casualty  function  (MCOP)  defines  the  fraction 
injured  and  killed.  In  Che  detailed  version  of  PCPDEF,  the  computation 
program  would  enter  such  functions  with  the  maximum  overpressure  incident 
on  a  particular  unit  area  and  determine  the  fractions  killed,  injured,  and 
trapped.  The  proportion  of  the  crapped  who  are  injured  would  be  determined 
by  assuming  chat  the  injury  rate  does  not  differ  among  the  crapped  and  the 
not-trapped.  In  the  approximation  version,  the  fact  that  MTOP  usually  lies 
between  MCOP  and  MLOP  creates  the  illusion  that  all  of  the  trapped  are 
Injured;  a  conclusion  chat  would  not  be  borne  out  by  the  detailed  analysis. 
Hence,  an  additional  input,  FTU,  has  been  introduced  in  POPDEF  that  specifies 
che  fraction  of  the  crapped  who  are  uninjured.  This  factor  is  determined  by 
integration  of  the  crapped-uninjured  function  to  approximate  the  detailed 
version.  FTC  is  not  required  in  the  detailed  version.  The  technical  basis 
for  estimating  MTOP  and  FTl'  is  very  limited  at  this  time. 

The  Rescue  activity  operates  on  the  trapped  fraction.  Hence,  Che 
population  percentages  in  che  Stay  columns  consist  of  chose  not  crapped  plus 
Che  survivors  of  chose  caught  in  the  open  enroute  to  this  shelter  category 
as  discussed  previously.  The  survivors  shown  in  che  Move  column  in 
parentheses  are  che  fraction  of  the  crapped  who  are  rescued,  which  is 
determined  by  che  input,  FR,  which  is  taken  to  be  75  percent  in  this  example. 
This  input  is  generated  by  the  Program  Analysis  Model.  The  technical  basis 
for  estimates  of  FR  is  also  weak.  In  this  example,  it  is  assumed  that 
lamMdlate  rescue  would  be  largely  ineffective  so  chat  re-entry  rescue  several 
days  after  detonation  would  be  the  main  rescue  capability.  The  25  percent 
not  rescued  are  those  lost  in  the  interim,  mainly  because  of  fire.  The 
rescued  survivors  are  divided  into  those  afforded  remedial  radiological 
measures  (R)  and  those  who  are  not  (N)  by  FRR,  which  is  taken  to  be  2  percent 


in  this  example.  POPDEF  has  Che  capability  co  accept  differing  estimates 
of  the  effectiveness  of  remedial  movement  as  functions  of  (a)  time  after 
attack  and  (b)  location  of  the  survivors  with  respect  co  physical  damage. 

Since  all  rescue  occurs  in  the  damaged  area,  only  one  value  of  rRR  is  necessary. 

The  Fire  event  operates  on  the  Stay  fractions  shown  on  the  Rescue  line. 

The  inputs  to  the  calculation  are  FT,  the  fraction  forced  out  of  shelter  by 
the  fire  threat,  FFR,  the  fraction  of  these  afforded  remedial  radiological 
measures,  FFSS,  The  fraction  of  chose  not  forced  out  who  survive,  and  FFSM, 
the  fraction  who  survive  among  chose  forced  out.  The  values  shown  in  Table 
8  are  based  on  the  Program  Analysis  Model,  which  provides  estimates  of  the 
effectiveness  of  fire  protection  and  suppression  measures.  These  are  used 
in  a  model  of  fire  initiation  and  spread  that  assumes  that  any  building  with 
a  sustained  fire  is  consumed  and  the  occupants  are  forced  out.  Those  not  at 
fire  risk  remain  in  shelter  and  suffer  no  fire  losses.  Those  forced  out 
suffer  fatalities  according  co  the  severity  of  the  fire  environment  at  the 
time  they  leave.  According  to  the  model,  those  forced  out  must  leave  their 
shelter  within  the  first  hour  or  so.  Again,  chose  forced  out  of  shelter  by 
fire  originate  in  the  damaged  area;  hence,  FFR,  the  fraction  afforded 
remedial  measures  is  appropriate  to  this  situation.  The  input,  PSIF,  taken 
to  be  2  pal  in  Table  3,  defines  the  overpressure  level  above  which  the  fire 
situation  exists. 

The  calculations  for  the  Fire  event  illustrate  some  of  the  complexities 
incorporated  into  POPDEF.  Consider  the  SI  column  in  Table  8.  The  1.93 
percent  of  the  population  who  are  injured  survivors  after  the  Rescue  event 
are  all  within  the  2-psl  region.  Hence,  the  1.72  percent  remaining  after  the 
Fire  event  comprise  89  percent  of  the  original  1.93  percent  and  the  0.21  in 
Che  HI  column  are  the  11  percent  of  the  injured  forced  out  of  shelter  by  fire 
(FT  ■  0,11).  (The  latter  are  also  reduced  by  FFSM  but  the  survival  rate  is 
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so  high,  Che  difference  does  noc  appear  in  this  rounding.)  However,  Che 
0.32  percenc  in  che  MU  column  is  only  abouc  7  percenc  of  che  11.53  percenc 
uninjured  in  che  SU  column  afcer  che  Rescue  evenc.  This  comes  abouc  because 
abouc  one-chird  of  che  uninjured  survivors  are  in  overpressure  regions  less 
Chan  2  psi  according  Co  che  accack  environmenc  macrix  underlying  Chis  example 
calculacion.  Hence,  che  FT  of  11  percenc  can  be  assessed  only  on  che 
appr oximacely  two-chirds  chac  are  in  Che  fire  area.  Thus,  10.7  percenc  of 
Che  populacion  remain  uninjured  in  chis  shelcer  cacegory  and  che  difference, 

0.33  percenc,  are  forced  ouc.  The  laccer  figure  is  Chen  reduced  by  FFSM  co  che 
0.32  percenc  shown.  Ic  can  be  seen  chac  che  compucacional  program  muse 
accounc  for  che  discribucion  of  survivors  wich  overpressure  ac  each  scage  in 
che  calculacion  in  order  co  model  survival  in  a  reasonable  way. 

The  Wacer  evenc  (lack  of  drinking  wacer)  applies  co  che  SU  and  SI 
populacion  fraccions  remaining  in  chis  shelter  cacegory  afcer  che  Fire  evenc. 

The  principal  inpucs  are  FW,  che  fracclon  forced  ouc  because  of  lack  of 
drinking  wacer,  and  FWR,  che  fracclon  of  chose  forced  ouc  chac  are  afforded 
remedial  radiological  measures.  Consider  chose  "B/C"  shelcers  chac  are 
remoce  from  che  deconacion  region.  Lacking  che  provision  of  scored  wacer  in 
specially-provided  concainers,  some  fracclon  of  Chese  shelcers  will  have 
ample  supplies  of  drinking  wacer  in  various  scorage  ranks  or  may  be  served 
by  a  gravlcy-pressur ized  wacer  syscea  chac  would  provide  wacer  even  if  elecCric 
power  supplies  were  dlsrupced.  Thus,  only  a  pordon  of  che  shelcered  populacion 
would  be  in  "B/C”  shelcers  where  lack  of  drinking  wacer  could  resulc  in 
premacure  shelcer-leavlng.  On  Che  ocher  hand,  in  che  area  close  co  deconadons, 
scorage  canks  and  piping  would  be  descroved  and  wacer  mains  broken.  Survivors 
in  chis  slcuacion  would  lack  drinking  wacer. 

In  Table  8,  FW,  Is  che  esciaaced  fracclon  forced  ouc  because  of  lack  of 
drinking  wacer  in  che  undamaged  area.  FW.,  is  Che  fracclon  forced  ouc  in  che 


damaged  region.  PSTFV  is  the  overpressure  dividing  these  two  regions. 

In  Che  example  calculation  all  survivors  experiencing  more  than  4  psi 
are  forced  out  as  veil  as  half  chose  experiencing  lower  overpressures. 

In  Che  calculation  shown,  most  of  Che  injured  survivors  are  over  the  4 
psi  level  (MCOP  •  7  psi).  The  exception  are  the  injured  survivors  chat 
continued  on  to  "B/C"  shelters  after  detonations  occurred.  These  were 
in  the  2-3  psi  region.  They  comprise  1.93  -  1.85  or  0.08  percent  of  the 
population  and  half  of  them  are  forced  out,  leaving  0.C4  in  Che  SI  column. 

The  equivalent  calculation  for  SC  is  explained  oy  the  fact  that  fully  three- 
quarters  of  the  10.7  percent  uninjured  survivors  are  found  at  overpressures 
less  chat  4  pal  when  previous  deductions  in  the  scenario  are  taken  into 
account . 

The  FVR  calculation  follows  a  similar  pattern.  In  undamaged  areas 
several  days  after  attack,  the  effectiveness  of  remedial  movement  is  seen  as 
quite  good  —  FVR,  •  0.64  —  whereas  in  damaged  areas  it  is  seen  as  quite 
poor  —  FVR,  •  0.02.  PSTW  defines  the  boundary  of  the  damaged  region  as  2 
psi  in  this  example.  Hence,  all  of  the  Injured  forced  out,  being  in  the 
damaged  region,  are  subject  to  the  2-percent  remedial  movement.  On  Che  other 
hand,  about  20  percent  of  the  uninjured  obtain  remedial  measures  because  many 
are  in  the  undamaged  region.  The  values  of  the  Inputs,  FVR,  and  FVR,,  are 
generated  by  the  Program  Analysis  Model,  as  discussed  in  Section  IV  and 
Appendix  3. 

It  should  be  noted  that  at  the  conclusion  of  the  Water  event  all  survivors 
remaining  in  "3/C"  shelters  —  some  4.12  percent  of  the  Risk  population  —  are 
in  overpressure  regions  below  4  psi  as  the  result  of  the  estimates  of  FV,  and 

4 

PSIFV.  These  survivors  are  still  subject  to  premature  shelte; -leaving  because 
of  an  untenable  heat  environment  in  the  shelter  areas.  This  is  more  likely  in 
summer  months  than  in  winter  months  and  more  likely  in  the  South  and  Southwest 
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chan  in  Che  Norch.  As  can  be  seen  by  che  Input  values  in  che  example  in 
Table  8,  all  survivors  are  forced  out  in  chis  event  ( FV  -  1.0).  The 
times  ac  which  chis  movement  occurs  as  well  as  chose  for  che  wacer  event 
are  derived  from  che  analysis  of  c llaatological  and  physiological  variables 
contained  in  Appendix  C.  These  times  are  effective  Claes  of  shelter-leaving 
that  reproduce  che  assessaenc  of  radiation  casualties  under  variable  leaving 
Claes  in  different  parts  of  che  country  and  ac  different  tiaes  of  the  year. 

In  particular,  it  Is  not  aeant  chat  people  afforded  reaedlal  movement  actually 
leave  shelters  earlier  chan  the  (N)  group,  but  aerely  chat  che  effective 
exit  clae  must  be  shorter  to  properly  reflect  che  casualty  ratio  when  reaedlal 
movement  falls. 

Because  che  Ventilation  event  occurs  many  days  after  che  deconacion, 
the  estlaaee  of  FVR^,  which  is  generated  by  the  Program  Analysis  Model,  is 
substantially  higher  —  82  percent  effective  —  chan  FVR^  in  undamaged  areas. 
The  ef f ecdveness  of  reaedlal  measures  in  damaged  areas  remains  low  during 
chis  period. 

The  POPDEF  Output 

The  output  of  the  POPDEF  coaputatlonal  program  summarizes  che  results 
of  the  calculations  described  above  for  the  whole  nation  and  for  each  of  the 
three  regions  —  Risk,  Host,  and  Neither.  The  output  format  and  example 
results  are  given  in  Section  V. 
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IV.  THE  PROGRAM  ANALYSIS  MODEL 


As  described  in  Section  III,  the  Population  Defense  Model  contains  a 
number  of  input  parameters  that  represent  the  posture  of  the  people  with 
respect  to  protection  as  a  result  of  the  civil  defense  operating  capabilities 
built  by  the  preparedness  program.  This  Section  describes  the  Program 
Analysis  Model  (PAM)  which  provides  a  means  by  which  appropriate  values  for 
these  input  parameters  can  be  estimated,  given  a  description  of  a  postulated 
civil  defense  preparedness  program. 

In  essence,  PAM  identifies  and  describes  relationships  among  elements 
of  civil  defense  and  defines  paths  through  these  relationships  along  which 
quantitative  descriptions  of  elements  of  the  preparedness  program  can  be 
translated  into  quantitative  estimates  of  the  POPDEF  input  parameters.  In 
this  process,  the  model  operates  through  the  following  steps: 

1.  The  operating  capabilities  of  elements  of  the  operating 
system  are  estimated  for  the  start  of  the  preparedness  program. 

2.  A  preparedness  program  is  specified  by  defining  for  each  of  the 
program  elements:  (a)  qualitatively  what  is  to  be  accomplished, 
(b)  the  amount  of  Investment,  and  (c)  the  schedule. 

3.  The  time  of  enemy  attack  is  specified. 

4.  For  the  period  between  the  start  of  the  preparedness  program 
and  the  attack,  the  effects  of  the  preparedness  program  in 
changing  the  operating  capabilities  of  the  operating  system 
are  estimated  and  the  resultant  operating  capabilities  at  the 
time  of  the  attack  are  estimated. 

3.  The  effects  of  these  operating  capabilities  on  the  posture  and 

protection  of  the  people  are  estimated  and.  from  these,  estimates 
are  made  of  the  POPDEF  input  parameters. 


PAM  Element  Structure 


To  provide  a  system  element  structure  for  PAM,  the  civil  defense  program 
elements  were  organized  as  shown  in  Table  9.  These  elements  are  explained 
and  defined  in  Appendix  A.  This  structure  differs  from  that  used  in  the  past^ 
and  it  can  be  seen  to  contain  some  elements  that  resemble  operating  system 
functions  and  others  that  resemble  preparedness  system  functions.  This  new 
structure  was  developed  in  part  because  attempts  to  maintain  the  traditional 
distinction  between  preparedness  and  operating  systems  posed  difficulties  in 
relating  preparedness  activities  to  operating  capabilities.  Then,  too,  the 
program  analysis  technique  developed  for  PAM  usually  begins  with  preparedness 
activities  or  calls  on  then  at  various  stages  of  defining  operating  capabilities , 
for  which  a  common  notation  was  desired.  This  notation  consists  in  part  of 
the  element  codes  shown  in  Table  9.  This  structure,  then,  is  an  outgrowth  of 
the  current  developmental  status  of  PAM.  It  is  not  necessarily  exhaustive 
nor  mutually  exclusive  at  this  point  although  it  has  gone  through  several 
revisions  in  its  application  to  estimating  POPDEF  input  parameters. 

The  essence  of  the  program  analysis  technique  and  the  nature  of  additional 
notation  will  be  Introduced  by  means  of  an  example:  the  estimating  of  the 
POPDEF  parameter,  F?F,  which  is  the  fraction  of  the  shelter  population 
actually  finding  and  occupying  the  shelter  area  giving  most  protection  against 
fallout  (see  Table  8  and  associated  text).  The  example  analysis  will  lay  a 
basis  for  suaaarlzlng  the  formal  technique  that  underlies  the  estimation  of 
other  POPDEF  input  parameters,  which  are  provided  in  Appendix  B. 

Identification  of  the  Elements 

The  first  step  in  the  PAM  technique  is  to  identify  from  among  the  elements  of 
Table  9  those  that  are  related  to  estimating  F?F.  One  of  the  elements  in 
Table  9  contributes  directly  to  the  achievement  of  an  improved  fallout 
posture;  others  support  it.  The  first  problem,  then,  is  to  identify  this 
central  eleswnt. 


Table  9 


SYSTEM 

Mai  or  Element 
Shelter 


Crisis  Relocation 
Planning  (CRP) 

Warning 


ELEMENT  STRUCTURE  FOR  PROGRAM  ANALYSIS  MODEL 


Subordinate  Elements 


Element  Code 


Survey 

SA 

Marking 

SB 

Planning 

- 

Coaaunity  Shelter 

SC 

Crlala  Relocation  Shelter 

SD 

Shelter  Production 

SE 

Production 

- 

Single  Purpose 

SF 

Slant ing 

SC 

Upgrading 

SH 

Expedient 

SI 

Ventilation 

SJ 

Stocking 

- 

Water 

SK 

Sanitation 

SL 

Food 

SM 

Med  leal 

SN 

Communications 

SR 

Public  (EBS) 

SO 

System 

SP 

Relocation  Movement 

XA 

Reception  and  Care 

XB 

Revising  Supply  Channels 

xc 

Commuting  Essential  Workers 

XD 

- 

national  System 

AC 

Alerting 

AA 

Informing 

AB 

Local  System 

AF 

Alerting 

AD 

Informing 

AE 

Reduced  Delay 

National  System 

AX 

Alerting 

AC 

Informing 

AH 

Local  System 

AL 

Alerting 

AJ 

Informing 

AK 

Table  9  (Continued) 


Major  Element 

Radiological  Defense 
(RADEF) 


Emergency  Public 
Information  (EPI) 


Emergency  Services 
Fire  Service 


Medical  Service 


Subordinate  Elements 

Shelter  RADEF 
Instruments 
Monitors 

Self-Help  RADEF 
Instruments 
Monitors 

Ares  RADEF 

Instruments 
Monitors 
RADEF  Officers 

Inforaation  Preparations 
Self-Help 
Warning 
Relocation 
Shelter 

Broadcast  Station  Protection 


Public  Preparedness 
Self-Help 
Warning 
Relocation 
Shelter 

Fire  Prevention 
Self-Help 
Fire  Service 

Fire  Suppression 

Rescue 

Inform  D4C 

Public  Health 

Self-Help  Sanitation 
Medical  Service  Sanitation 
Controlling  Disease 
Controlling  Vectors 

Medical  Care 
Transporting 
Self-Help  First  Aid 
Service  First  Aid 
Facility  Treatment 

Inform  DAC 


Element  Code 

US 

UA 

UB 

UH 

UC 

UD 

UV 

UE 

UF 

UC 


IA 

13 

IC 

ID 

IE 


FA 

FB 

FC 

FD 

FD 

FF 

FC 

FH 

FI 


MA 

MB 

MC 

MD 

ME 

MF 

MC 

MH 

MI 
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Malor  Element 
Police  Service 


Warden  Service 


Table  9  (Continued) 


Subordinate  Elements  Element  Code 


Public  Preparedness 

Self-Help  LA 

Warning  LB 

Relocation  LC 

Shelter  LD 

Maintaining  Order 

Facilities  LE 

Relocation  Traffic  LF 

Movement  to  Shelter  LC 

Remedial  Movement  LH 

Suppressing  Crime 

Controlling  Access  LI 

Controlling  Criminals  LJ 

Warning  LX 

Inform  D4C  LL 

Public  Preparedness 

Self-Help  WA 

Warning  WB 

Relocation  WC 

Shelter  WD 

Managing  Movement 

Relocation  WE 

To  Shelter  WF 

Remedial  WG 

Shelter-Based  Operations 

Fire  Fighting  WH 

Rescue  WT 

Remedial  Movement  WJ 

Managing  Shelters 

Public  Information  WK 

Improve  Blast  Posture  VL 

Improve  Fallout  Posture  WM 

Operate  Ventilation  WN 

Control  Water  Use  WO 

Shelter  RADEF  WF 

Sanitation  WR 

Medical  Care  WS 

Feeding  WT 

Reception  and  Cara  WX 

Lodging  WU 

Feeding  WV 

Welfare  Services  WW 

Warning  WT 

Inform  DfcC  WZ 
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Major  Element 
Resource  Service 


Protect  Industry 


Protect  Agriculture 


Direction  end  Control 
Federal  D&C 


Table  9  (Continued) 


Subordinate  Elements 
Supply 

Revising  Supply  Channels 
Supplying  Goods 
Transporting 

Relocation  of  People 
Cornu ting  Workers 
Reaedial  Movement 
Goods 

Facilities 

Establishing 

Operating 

Maintaining  4  Repairing 
Clearing  Debris 
Roads 
Buildings 
Decontaainat ing 
Buildings 
Terrain 
Infora  D&C 

Ha rdenlng 

Facilities 
Equipment 
Inventories 
EsMrgcncy  Shut  Down 
Facilities 
Processes 

Public  Preparedness 
Self-Help 
Shelter 

Protect  Livestock 
Protection 
Feeding 
Protect  Crops 

Protect  Seed  Stock 
Dec  on  teal  na  t  Ion 

Support  State  and  Local 
Goods 
Services 
Information 
Informing  the  Public 
Warning  the  Public 
Alerting 
Informing 


Element  Code 


RA 

RB 

RC 

RD 

RE 

RF 

RJ 

RC 

RH 

RI 

RM 

RK 

RL 

RP 

RH 

RO 

RR 


BA 

BB 

BC 

BD 

BE 


GA 

GB 

GC 

CD 

GE 

GF 


DA 

DB 

DC 

DD 

DC 

DE 

DF 


Table  9  (concluded) 


Major  Eleaent 

Scare  Program 

Management 


Local  Program 

Management 


Subordinate  Element 

Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Supporting  Local 
Funds 

Assistance 

Information 
Inform  Federal 
Administration 

Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Inform  State 
Administration 


Element  Code 


MA 

VB 


NC 

MD 

ME 

MF 

MG 

MH 

MI 


MJ 

MK 

ML 

MM 

MN 


PA 

PB 

PC 

PD 

PE 

PF 

PC 

PH 

PI 

PJ 

PR 
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Arranging  the  shelter  occupants  In  an  improved  fallout  posture  is  an 
exercise  of  management  of  the  shelter.  For  this.  Table  9  gives:  Warden 
Service*  —  Improve  Fallout  Posture  —  WM.  This  is  the  central  counter¬ 
measure  and  the  organizational  element  charged  with  its  performance  is 
the  shelter  manager. 

Assuming  at  this  point  in  the  analysis  (1)  that  a  manager  for  the 
shelter  has  been  recruited,  trained,  and  assigned  and  (2)  that  he  is  in 
the  shelter,  the  next  problem  is  to  identify  which  other  elements  of  civil 
defense  give  him  primary  support.  First,  to  be  able  to  direct  the  people 
to  the  areas  with  the  best  protection  against  fallout,  he  needs  to  know 
where  they  are;  l.e.,  in  which  spaces  is  the  radiation  flux  the  least. 

This  information  can  be  supplied  by  monitoring,  from  Table  9:  RADEF  — 
Shelter  RADEF  —  1*5.  And  although  the  manager  may  be  fully  trained,  he 
could  also  be  very  busy.  Therefore,  a  reminder  from  D&C  with  refresher 
instructions  would  likely  help  him  to  get  the  people  into  the  Improved 
posture.  For  this.  Table  9  gives:  Shelter  —  Cossaunlcations  —  System  — 
SP.  Therefore,  to  begin  with,  the  central  countermeasure  is  VM  and  the 
direct  supports  are  US  and  SP. 

However,  for  any  of  a  number  of  reasons,  the  shelter  may  not  have  a 
manager.  But  shelter  RADEF  may  provide  a  monitor:  RADEF  —  Monitors  — 
UB.  And  current  doctrine  has  the  policemen  who  guide  the  movement  to 
public  shelter  (Police  Service  —  Maintaining  Order  —  Movement  to  Shelter 
—  LG)  cake  shelter  chere.  Thus,  the  monitors  and  policemen  can  directly 
support  Che  manager  function  as  alternatives  to  the  manager.  And  given 
shelter  RADEF  -  US  and  information  from  D&C  -  SP,  they  could  achieve  an 
Improved  fallout  posture  although  possibly  not  as  well  as  the  manager. 

e 

The  title  "Warden  Service"  Is  used  to  Identify  an  element  of  the  civil 
defense  organization  that  does  not  now  exist  but  seems  to  be  needed  to 
perform  or  manages  number  of  the  activities  planned  for  civil  defense. 


Inevitably,  some  shelters  will  not  have  a  manager,  a  monitor,  or  a 
policeman.  Experience  In  shelter  occupancy  experiments  shows  that  In  such 
cases  one  of  the  occupants  takes  charge.  This  emergent  leader  could  have 
some  knowledge  of  Improved  fallout  posture  gained  from  civil  defense 
information  activities  to  prepare  the  public  for  going  to  shelter.  If  there 
arc  RADEF  Instruments  in  the  shelter  with  Instructions  for  their  use,  there 
can  be  a  monitoring  capability  with  an  emergent  monitor.  And  given  support 
in  the  form  of  instructions  from  D4C  (Shelter  —  Communications  —  Public  (EBS) 
—  SO  in  Table  9)  the  emergent  leader  could  also  achieve  an  improved  fallout 
posture  although  possibly  not  as  well  as  chose  of  che  civil  defense 
organization. 

Figure  4  represents  Che  capabilities  discussed  above.  It  shows  che 
basic  relationships  omitting  any  consideration  of  relative  capability.  How¬ 
ever,  it  does  illustrate  some  of  the  conventions  used  in  diagramming  PAM. 

Starting  at  che  lower  right.  Figure  4  has  three  small  figures  of  the 
form  used  to  represent  input  cards  in  computer  program  diagrams.  These  — 

l"B',  VM* ,  and  LG'  —  represent  capabilities  of  shelter  monitors,  shelter 

managers,  and  policemen  respectively  to  achieve  improved  posture.  The 
blackened  triangle  indicates  chat  che  values  for  these  inputs  come  from 
other  parts  of  PAM.  The  prime  (VM')  indicates  that  the  capability  is 
potential;  l.e.,  it  is  the  capability  of  the  manager  to  achieve  improved 
posture  if  fully  supported  by  shelter  RADEF-US  and  information  from  D&C  - 
SP.  The  rectangle  —  System-Potential  Capability  -  —  represents  a  value 

calculated  in  this  "system  tree":  the  combined  potential  capabilities  of 
monitors,  managers,  and  policemen.  The  letter  C  is  usually  used  in  PAM  to 

represent  combined  capability  but,  whenever  it  is  used,  its  meaning  is 

defined  there. 
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The  inputs  L'S  and  SP  represent  the  abilities  of  shelter  RADEF  and 
instructions  from  D&C  respectively  to  support  the  manager,  monitor,  and 
policeman,  singly  or  in  combination,  to  achieve  an  improved  fallout  posture. 
These  terms  are  found  in  several  parts  of  PAM  and  whenever  thev  appear,  they 
represent  the  ability  to  support  whatever  activity  is  being  analvjed  there. 

The  rectangle  —  System  -  Posture  Capability  -  —  represents  the 

net  combined  capabilities  of  monitors,  managers,  and  policemen  to  achieve 

improved  fallout  posture  given  whatever  level  of  support  is  provided  in  US 

and  SP .  In  other  words,  if  the  support  provided  by  shelter  RADEF  or  D&C 

information  is  less  than  can  be  used,  C  will  be  less  than  C' . 

s  s 

At  the  lower  left  of  Figure  4,  the  input  1^  represents  t.ne  effectiveness 
of  the  "public  preparedness  for  shelter",  information  activity  in  educating 
the  emergent  leader  about  improved  fallout  posture.  This  input  also  appears 
in  many  parts  of  PAM  and  its  value  aiwavs  applies  to  whatever  activity  is 
being  considered  where  it  appears.  Tie  rectangle  —  Emergent  Leader  - 
Potential  Capability  -  OM'  —  represents  the  estimated  potential  capability 
of  the  emergent  leader  to  achieve  improved  posture.  Note  that  the  element 
code,  OM,  which  represents  an  emergent  public  capability,  does  not  appear  in 
Table  9,  -which  deals  with  civil  defense  system  elements.  As  noted  later, 
such  emergent  capabilities  carry  the  "0"  designator  followed  by  a  second 
letter  either  paralleling  the  Warden  Service  —  OM  —  or  referring  to  a 
major  element  code  —  OU,  emergent  RADEF. 

Again,  the  Inputs  OU  and  SO  represent  the  support  that  can  be  given 
the  emergent  leader  in  achieving  improved  posture  by  a  emergent  monitor  and 
D&C  Information.  The  rectangle  —  Emergent  Leader  -  Posture  Capability  - 
OM  —  is  the  net  capability  of  the  emergent  leader  given  the  level  of  support 
provided  by  OU  and  SO. 


Finally,  at  the  top,  is  the  combined,  overall,  net  capability  of 

monitors,  managers,  policemen,  and  emergent  leaders  to  achieve  an  improved 
fallout  posture. 

Figure  5  is  an  expansion  of  Figure  4  introducing  the  concepts  of 
relative  ability,  support,  and  effectiveness.  Across  the  bottom  of  the 
diagram,  the  inputs  K.  -  K  are  estimates  of  the  relative  abilities  of 

i  *4 

policemen,  managers,  monitors,  and  emergent  leaders  to  achieve  improved 
fallout  posture.  Here,  "relative"  means:  the  fraction  of  the  best  that 
can  be  done.  Then,  if  all  shelter  managers  can  put  85  percent  of  the  people 
in  the  best  posture  or  85  percent  of  managers  can  put  their  people  in  the 
posture,  the  relative  ability,  K,  -  0.85.  Then,  C’  in  Figure  5  is  the 
combined  relative  potential  capabilities  of  monitors,  managers,  and  policemen 
and  OM*  is  Che  relative  potential  capability  of  emergent  leaders. 

The  introduction  of  support  in  Figure  5  differs  from  that  in  Figure  4. 

For  example,  in  addition  to  the  ability  of  shelter  RADEF  -  US,  Figure  5 
also  includes  an  estimate  (-US)  of  how  much  the  capability  is  affected. 
iUS  is  defined  in  this  case: 

-US  *  maximum  change  in  svstem  capability  to  achieve  improved 
fallout  posture  between  (a)  not  having  any  shelter  RADEF 
capability  and  (b)  having  fully  adequate  shelter  RADEF 
capability. 

How  this  applies  will  be  shown  later  on  in  a  numerical  example.  When  the 

effects  of  shelter  RADEF  and  D&C  information  support  are  applied  to  the 

potential  system  capability,  the  result  is  an  estimate  of  system  effectiveness 

-  E  :  the  fraction  of  the  shelter  population  who  would  be  in  Improved  fallout 

posture  because  of  the  efforts  of  svstem  personnel.  Simllarlv,  E  is  the 

o 

fraction  of  the  shelter  population  In  improved  posture  because  of  the  emergent 
leaders.  Then,  FPF  is  Che  total  fraction  of  the  shelter  population  who  would 
be  in  the  improved  posture.  This  is  the  estimate  of  F?F  desired  as  an  input 
parameter  for  POPDEF,  as  described  in  Section  III. 
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Relationships  Among  Elements 


To  demonstrate  the  relationships  among  the  elements  and  how  they  are 
applied  In  PAM,  the  assessment  of  r?F  described  above  Is  continued  with  a 
numerical  example  of  the  calculation  o f  the  estimate  (Table  10)  In  a 
convenient  fora  for  the  recording  of  the  input  values  and  the  results  of 
the  calculations .  The  relationship  numbers  and  the  cedes  in  Table  10 
refer  to  those  in  Figure  S.  In  this  example,  separate  estlaates  are  made 
for  Risk,  Host,  and  Neither  areas  and  for  ln-place  and  relocated  aode  in  the 
Rlsx  ano  Host  areas;  the  Neither  areas  (NA)  have  only  the  ln-place  mode. 

The  first  Item,  LG',  Is  an  estimate  of  the  potential  availabilltv  of 
policemen  In  public  shelters  to  achieve  an  improved  fallout  posture  If  fullv 
supported.  The  demonstration  numbers  used  here  represent  the  fraction  of 
the  population  in  public  shelters  who  have  in  shelter  with  them  policemen 
who  have  had  some  training  in  improving  fallout  posture.  The  second  item, 

K, ,  is  an  estimate  of  the  relative  ability  of  a  policeman,  given  the  amount 
of  training  presupposed  for  LG',  to  achieve  the  Improved  posture  which  was 
defined  above  to  be  a  fraction  of  the  best  that  could  be  done.  Because  the 
policeM.n  Is  generally  accented  as  a  member  of  the  system  organization  and 
as  having  authority,  Is  given  a  high  valve.  The  third  Item  expresses 
the  relationship  (1)  between  and  LC',  their  product,  that  yields  an 
estimate  of  C^:  the  potential  capability  of  policemen  to  achieve  Improved 
fallout  posture  if  fully  supported.  Then,  for  Risk,  ln-place: 

C'  -  K,  •  LG'  •  0.90  x  0.20  -  0.18 

8  * 

Estimates  of  WM’  and  UB'  are  similarly  expressed  In  fractions  of  the 
population  in  public  shelters  having  trained  managers  and  monitors 
respectively.  Because  of  the  manager's  position  of  authority  and  his 
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training,  X,,  relatlvt  ability,  is  also  given  a  high  value.  Sue  because 
* 

Che  aonicor  would  likely  noc  be  as  fully  trained  in  managing  Che  achievemenC 
of  Che  improved  poscure,  his  relative  abilicy,  K^,  is  estimated  ca  be  soae- 
vhac  less  chan  chac  of  policeaen  and  aanagers.  Calculation  of  in 
relacionship  2  and  in  relationship  3  is  Che  same  as  in  relationship  1. 

Because  PAM  is  applied  Co  Che  whole  nation  and  chus  to  all  public 
shelcers  in  chis  case,  lc  is  equally  likely  chac  any  given  shelcer  would 
have  a  manager,  a  aonicor,  or  a  policeman.  Thus,  some  shelcers  would  have 
evo  of  these;  some  would  have  all  three.  Therefore,  Co  avoid  double  counting 
in  calculating  the  contained  pocencial  capability,  C,  PAM  uses  Che  xacheaacics 
of  probablllcy.  This  is  appropriate  because,  for  example,  co  say  chac  WM' 
equals  0.58  of  the  population  in  public  shelter  is  equivalent  Co  saying  that 
each  individual  in  public  shelcer  has  a  probablllcy  of  0.58  of  having  a  crained 
manager  in  the  shelcer.  In  relationship  4,  C  is  equivalent  to  a  contingent 
probability  given  the  independent  probabilities:  C^,  C^,  and  C^.  The 
complete  expression  for  relacionship  9  in  Table  10  is: 


C' 

s 


C'  ♦ 

g 


C  ♦ 

w 


-  c;c:  -  c;s;  -  w 


C'C'C • 
g  wHj 


and  for  Risk,  in-place: 


•  0.18  ♦  0.52  ♦  0.64  -  0.18  x  0.52  -  0.18  x  0.64  -  0.52  x  0.64 
♦  0.18  x  0.52  x  0.64  •  0.86 


In  ocher  words,  the  estimate  is  chat  36  percent  of  the  Risk  population 
in  public  shelcers  would  have  at  least  one  kind  of  CD  person  available  who 
could  cause  them  to  adopt  the  fallout  protective  posture.  If  fully  supported 
by  RADEF  and  advice  from  D4C. 

The  estimated  values  for  US  In  Table  10  are  calculated  elsewhere  in  PAM 
and,  again,  are  expressed  as  fractions  of  the  population  In  public  shelter 
having  a  RADEF  capability.  The  effect  of  monitoring  on  the  potential 
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capability  of  organization  personnel,  AUS,  Is  a  judgement  as  to  how  much 
the  potential  capability  would  be  reduced  If  there  were  no  monitoring 
capability  at  all.  In  other  words,  the  estimate  of  0.35  for  ll'S  means 
that  It  is  estimated  that  the  organizational  personnel  could  not  achieve 
the  improved  posture  in  35  percent  of  the  shelters  If  they  were  not 
supported  by  monitoring.  In  most  shelters,  HADEF  Is  not  essential  because 
research  and  development,  KA,  has  found  which  areas  of  these  shelters  and 
which  arrangements  of  people  result  in  least  radiation  exposure,  information 
that  could  be  Incorporated  into  training  and  advice  from  D4C. 

The  potential  capability,  Cg,  would  be  reduced  in  proportion  to  the 

lack  of  monitoring  capability:  (1  -  ITS).  The  proportionate  part  of  Cg 

that  would  be  lost  is  equal  to  the  fraction  of  iUS  measured  by  (1  -  US)  or 

lUSd  -  US).  And  the  net  remaining  fraction  of  the  potential  capability 
would  be  what  was  not  lost  or  (l  -  lUSd  -  US)}.  This  remaining  capability 
would  be  further  reduced  by  the  inability  of  organization  personnel  to 
receive  guidance  from  D&C.  Then,  after  allowing  for  the  partial  capabilities 
US  and  SP,  the  effectiveness  of  organization  personnel  (the  fraction  of  the 
population  in  public  shelters  that  would  be  in  improved  fallout  posture 
because  of  the  efforts  of  organization  personnel)  would  be  as  shown  in 
relationship  5: 

Eg  -  Cg(l  -  iUS(l  -  US)}{1  -  iSP(l  -  SP)} 

and  for  Risk,  in-place  in  Table  10: 

Eg  -  0.86(1  -  0.35(1  -  0.61) Kl  -  0.40(1  -  0.87)} 

-  0.70 

The  potential  availability  of  emergent  leaders  to  achieve  improved 
fallout  posture  Is  1^,  which  Is  calculated  elsewhere  In  PAM.  This  Item,  1^, 
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ls  an  estimate  of  Che  ef f ectiveness  of  public  information  in  educating 
soae  members  of  Che  public  in  achieving  iaproved  fallout  posture,  measured 
in  terms  of  the  fraction  of  the  population  in  public  shelters  who  would  have 
such  a  person  as  an  emergent  leader.  Because  of  the  lesser  effectiveness  of 
this  method  of  training,  the  relative  ability  of  the  emergent  leader  was 
estimated  to  be  substantially  lower  chan  that  of  organization  personnel. 

Then  the  potential  capability  of  emergent  leaders  is  calculated  in  relationship 
6  as  was  that  of  policemen  in  relationship  1. 

The  monitoring  capability,  OU,  of  emergent  monitors  and  the  ability, 

SO,  of  emergent  leaders  to  receive  instruction  about  fallout  posture  from 
D4C  via  the  emergency  broadcast  system  are  calculated  in  other  parts  of  PA.M. 

The  losses  of  potential  emergent  leader  capability  because  of  insufficient 
support  —  -OU  and  -SO  —  are  created  in  the  same  manner  as  -US  and  ASP  in 
relationship  5.  Then,  the  net  effectiveness  of  emergent  leaders  would  be  as 
shown  in  relationship  7: 

E  -  0M*{1  -  A0U(1  -  0U)){1  -  AS0(1  -  SO)} 
o 

and  for  Risk,  in-place  in  Table  10: 

E  -  0.29(1  -  0  .  50(1  -  0. 23)  Hi  -  0.65(1  -  0.67)} 
o 

-  0.14 

As  before,  any  shelter  could  have  system  personnel  or  an  emergent 
leader,  or  both.  Then,  the  combined  effectiveness,  FPF,  of  system  personnel 
and  emergent  leaders  is  found  by  combining  their  Independent  effectiveness 
probabilistically,  as  in  relationship  4.  This  is  shown  in  relationship  8: 

FPF  -  E  ♦  E  -  BE 

s  o  so 

snd ,  for  Risk,  in-place: 

FPF  -  0.70  ♦  0.14  -  0.70  x  0.14  -  0.74 
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It  will  be  noted  In  Table  10  Chat  the  estimates  of  FPF  for  the  Host 
and  HA  areas  are  of  the  same  order  as  that  for  the  Risk,  in-place  area, 
although  somewhat  higher.  On  the  other  hand,  FPF  for  Risk,  relocated 
(0.05)  Is  but  a  small  fraction  of  the  others.  This  may  be  attributed  to 
a  number  of  factors.  In  Table  10,  LG' ,  WM' ,  and  13'  are  small  because 
most  organization  personnel  would  likely  have  relocated.  Those  of  the 
public  who  did  not  relocate  evidently  did  not  believe  in  relocation  and 
would  not  likely  concern  themselves  with  such  other  civil  defense  matters 
as  improved  fallout  posture;  hence,  is  judged  quite  low.  In  any  event, 
it  will  be  noted  that  the  value  used  in  Table  3  for  the  Risk  area  with 
highly  effective  relocation  is  that  calculated  in  Table  10  for  Risk, 
relocated. 

The  values  of  FPF  derived  in  Table  10  apply  only  to  public  shelters. 

But  POPDEF  requires  an  estimate  of  FPF  for  home  basements  in  addition  to 
that  for  public  shelters.  Home  shelters  would  not  have  trained  managers, 
monitors,  or  policemen.  Therefore,  the  effectiveness  of  system  personnel, 

Eg,  would  be  zero.  Only  relationships  6  and  7  need  be  estimated  for 
householders  to  obtain  FPF  for  home  basements. 

The  FPF  system  tree  by  Itself  does  not  include  all  of  the  system 
relationships  used  in  PAM.  The  others  are  demonstrated  in  Figure  6.  This 
shows  the  part  of  PAM  in  which  estimated  value  for  shelter  monitoring,  US, 
is  calculated.  This  is  the  US  chat  is  an  input  in  Figure  5. 

Starting  at  relationship  1  on  the  lower  left,  UBRq  Is  the  fraction  of 
the  population  assigned  to  a  shelter  class  for  whom  shelter  monitors  are  on 
board  at  the  start  of  the  projected  preparedness  program.  AUBR  is  the  net 
additional  fraction  of  the  shelter  class  population  for  whom  monitors  are 
recruited  In  the  preparedness  program;  l.e.,  the  fraction  for  whom  monitors 
are  recruited  less  the  fraction  whose  monitors  leave  the  organization.  Then, 
the  fraction  of  the  shelter  class  population  with  monitors  at  completion  of 
the  preparedness  program  Is: 

(1)  UBR  -  UBR  +  AUBR 
o 


FIGURE  6  SHELTER  RAOEF  -  ORGANIZED  US 


Similarly  at  relationship  2,  UBTq  is  the  fraction  of  the  shelter  class 
population  with  trained  monitors  at  program  start,  iUBT  is  the  net 
additional  fraction  for  whom  monitors  are  trained  in  monitoring  in  the 
program,  and  the  fraction  with  monitors  at  program  completion: 

UBT  •  UBT^  -UBT.  Then,  at  relationship  3,  the  potential  monitoring 
capability,  UB',  of  shelter  monitors,  given  instruments,  at  program  completion 
is  the  lesser  of  UBR  and  UBT,  or: 

(3)  UB’  -  Min  UBR  :  IfBT 

Mote  that  a  three-letter  element  code  (e.g.,  UBR)  has  been  introduced 
at  this  poinc.  The  flrsc  cwo  letters  refer  to  the  element  code  in  Table  9; 

UB  refers  to  shelter  monitors.  The  third  letter  refers  to  a  particular 
staffing  activity;  R  for  recruitment,  T  for  training.  As  noted  in  Appendix 
A,  these  are  the  two  staffing  activities.  An  alternative  formulation  would 
be  to  assume  that  shelter  monitors  are  recruited  and  trained  only  at  the 
local  level.  Then,  UBR  would  be  a  product  of  the  local  program  management 
function,  PG,  anf  UBT  the  result  of  local  course  instruction,  PH,  as  they 
apply  to  shelter  monitors.  However,  it  might  be  that  shelter  monitors  are 
intended  to  be  recruited  at  the  local  level  and  trained  as  a  State  activity, 
say,  element  code  MK.  Thus,  there  is  another  "system  tree"  implicit  in  the 
estimation  of  UBR  and  UBT  Chat  would  connect  these  variables  to  the  various 
program  activities  that  might  contribute  to  Che  final  result.  The  three- 
latter  codes  are  a  convenient  condensation  of  the  more  detailed  analysis 
that  preserves  the  identification  of  the  operative  element,  UB  or  shelter 
monitors.  The  depth  to  which  an  analysis  is  carried  In  PAH  usually  depends 
on  the  analytical  purpose. 

The  two  system  relationships  Introduced  here  are  (1)  the  augmentative 
relationship  In  which  an  increment  to  be  achieved  by  a  program  activity 
(e.g.,  AUBR)  is  added  to  an  existing  capability  (UBRo>,  and  (2)  the  dependent 
relationship  in  which  the  minimum  of  two  dependent  activities  defines  the 
resultant  capability.  One  might  ask  why  one  would  consider  recruitment  and 
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training  separately  when  only  trained  persons  are  of  interest.  One 
general  consideration  is  that  in  many  cases  systems  for  delivery  of 
training  are  well-organized  and  funded  while  recruitment  is  often  the 
real  limitation.  Another  is  that  persons  assigned  emergency  responsibilities 
(recruited)  are  often  not  given  the  necessary  training.  A  third 
consideration  is  that  changes  in  program  emphasis  or  advances  in  knowledge 
can  invalidate  prior  training.  For  example,  shelter  managers  now  on  board 
were  not  trained  in  adopting  the  fallout  protective  posture;  hence,  the 
retraining  of  these  people  must  be  assessed  in  estimating  VM'  in  Table  10. 

At  relationship  4,  the  on-board  strength  of  shelter  managers  need  not 
be  recalculated,  because  it  was  done  in  the  estimating  of  VM' ,  which  was  an 
input  in  Figure  5.  However,  training  for  monitoring  (VP)  differs  from  that 
for  Improved  fallout  posture  (VM).  Therefore,  it  is  necessary  to  estimate 
the  fraction  of  the  shelter  population  for  whom  shelter  managers  are  trained 
in  monitoring,  VPT  at  relationship  5  (augmentative),  and  the  potential 
monitoring  capability  of  managers,  VP'  at  relationship  6  (dependent). 

At  relationship  7,  UAq  is  the  fraction  of  the  shelter  population  for 
whoa  shelter  radiation  instruments  are  in  the  shelters  at  program  start. 

.1UA  is  the  net  fraction  of  the  shelter  class  population  for  whom  instruments 
are  procured  and/or  placed  in  the  shelters  in  the  preparedness  program. 

Then  UA'  is  the  sum;  the  fraction  for  whom  instruments  are  in  the  shelters 
at  program  completion.  But  monitoring  instruments  are  not  completely 
reliable.  Therefore,  at  relationship  8  a  reliability  factor,  is 
introduced;  is  defined: 

-  fraction  of  shelter  monitoring  Instruments  that  will  give 
consistent  readings  when  used  in  an  actual  radiation  field 
within  a  shelter. 

Then,  the  net  availability  of  reliable  monitoring  Instruments  in  the 
shelters  is  L'A,  the  product  of  and  UA'. 
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At  relationship  9,  the  on-board  strength  of  shelter  monitors  is 
compared  to  the  in-shelter  availability  of  instruments  to  obtain  an  estimate 
of  the  net  monitoring  capability  of  shelter  monitors;  i.e.,  the  fraction  of 
the  shelter  class  population  who  would  have  monitors  with  instruments.  Here 
it  is  logical  to  expect  that  monitors  would  be  assigned  to  shelters  with 
instruments.  In  this  case,  the  two  (monitors  and  instruments)  are  dependent 
and  the  nec  monitoring  capability  is  the  lesser: 

(9)  UB  -  Hin  UB*  :  l'A 

At  relationship  10,  the  on-board  strength  of  shelter  managers  is 
compared  to  the  in-shelter  availability  of  instruments  to  obtain  an  estimate 
of  the  net  monitoring  capability  of  managers.  But  here  it  is  not  logical  to 
expect  that  managers  would  be  assigned  to  shelters  solely  on  the  availability 
of  instruments;  many  other  considerations  would  apply.  For  this  case, 
managers  and  Instruments  arc  Independent  and  the  net  monitoring  capability 
is  the  product: 

(10)  VP  -  VP'  •  UA 

This  Judgement  as  to  dependence  vs.  Independence  is  required  throughout  the 
PAti  procedure.  It  usually  requires  consultation  with  knowledgeable  persons 
who  are  familiar  with  how  the  system  is  Intended  to  work. 

At  relationship  11,  LCS  is  the  fraction  of  the  shelter  class  population 
for  whom  there  are  policemen  controlling  the  movement  to  shelter,  K.,  is  the 
fraction  of  traffic  policemen  who  are  monitors,  and  is  the  ratio  of 
traffic  policemen  to  the  number  of  shelters  in  the  class*.  Then,  UD*  * 

Kj  *  K-j  *  LCS  •  potential  monitoring  capability  of  policemen  in  the  shelter 
class. 

*LG'  in  Figure  S,  is  obtained  from  LG'  •  K ^  • 


LCS . 
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also  found  wnere  a  capability  Is  modified  by  some  characteristic  that 
is  not  dependent  on  the  capability,  as  in  relative  capabilities  in 
Figures  5  ana  b  and  in  instrument  reliability,  K1 ,  in  relationship  8 
in  Figure  6. 

3.  Dependent :  x  ■  Min  a  :  b.  This  is  found  where  one  capability 
requires  another  and  there  is  a  logical  basis  for  assuming  chat  they  should 
be  presenc  in  the  sane  place  as  in  relationships  9,  12,  and  16  in  Figure  6. 

4.  Redundant :  x  ■  a  ♦  b  -  ab.  This  is  found  wherever  two  (or  more) 
capabilities  can  accomplish  the  same  result  as  in  relationship  4  in  Figure  5 
and  relationships  13  and  17  in  Figure  6.  PAM  applies  nationwide  and  it  is 
equally  likely  that  at  any  given  place  capability  a  or  capability  b  would 
apply.  Some  places  would  have  both  capability  a  and  capability  b.  To  avoid 
double  counting,  the  redundant  relat ionship  uses  the  mathematics  of  probability; 
i.e.,  a  and  b  <tre  equivalent  to  che  independent  probabilities  that  capability 

a  or  capability  b  would  occur.  Then,  the  combined  capability  of  a  and  b  is 
the  equivalent  to  the  contingent  probability  of  a  and  b:  a  +  b  -  ab. 

Similar  considerations  apply  to  combinations  of  effectiveness  and  to 
combinations  of  more  thsn  two  estimates  of  capability  or  effectiveness. 

5.  Supportive :  x  ■  il  -  .la(l  -  a)}.  This  occurs  when  an  element  of 
the  system  would  be  able  to  exercise  all  of  its  potential  capability  x'  if 
fully  supported  by  the  capability  a  of  another  element;  Aa  is  the  difference  in 
the  capability  of  the  supported  element  between  having  the  full  support  of  the 
second  and  not  naving  any  support  by  the  second.  This  situation  occurs  wherever 
one  element  of  the  system  supports  another  as  in  relationships  S  and  7  in 
Figure  S. 

Use  of  Program  Codas  in  PAM 

The  program  elements  listed  in  Table  9  and  defined  in  Appendix  A  are 
large  in  scale;  i.e.,  some  of  them  Include  preparations  for  a  number  of  related 
emergency  operations.  For  example.  Information  Preparations  -  ID  produces 
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materials  for  use  in  preparing  Che  public  for  (a)  making  p reparations  for 

going  to  shelter,  (b)  moving  to  shelter,  (c)  improving  blast  and  fallout 

postures  in  shelter,  (d)  conducting  radiological  monitoring  in  shelter, 

and  (e)  performing  such  shelter-based  operations  as  fire  fighting,  rescue, 

remedial  movement,  and  so  on.  To  use  separate  codes  in  recording  Che 

model  for  each  of  these,  one  would  need  not  only  to  expand  10  but  also  to 

expand  FD,  LD,  VD,  and  DO,  the  public  preparedness  operations,  and  I  , 

d 

the  effectiveness  of  these  operations,  and  would  have  caused  a  great  pro¬ 
liferation  in  the  codes. 

To  avoid  this,  we  chose  to  use  the  program  codes  listed  in  Table  9 
and,  wherever  each  is  used  in  Che  model,  to  define  its  meaning;  i.e.,  to 
specify  which  thing,  or  capability,  or  effectiveness  the  code  represented 
at  chat  place  in  the  model.  This  procedure,  of  course,  established  a 
requirement  for  defining  the  meanings  of  the  codes  throughout  the  develop¬ 
ment  of  the  system  trees.  Eut  it  is  felt  that  such  definitions  avoid 
ambiguity  and  focus  attention  on  exactly  what  is  being  estimated  at  each 
point  in  the  model. 

Treatment  of  Public  Part lclpat ion  in  Civil  Defense 

Throughout  the  development  of  PO*  it  '-•»j  recognized  that,  although 
a  complete  civil  defense  system  In  which  all  emergency  operations  every¬ 
where  are  performed  or  managed  can  be  a  desirable  objective,  it  may  not 
be  achievable.  Therefore,  at  a  number  of  places  in  Che  model,  allowance 
is  made  for  the  public  to  perform  some  of  Che  functions,  usually  with 
support  in  Che  form  of  information  and  guidance  from  D &C.  In  current 
civil  defense  doctrine,  educating  the  public  to  perform  such  functions 
in  Che  absence  of  CD  organization  personnel  is  a  desirable  preparedness 
activity. 

Such  public  education  activities  have  been  excluded  from  Table  9  on  the 
basis  chat  emergent  leaders  or  operators  would  not  be  specifically  trained  and 
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would  noc  be  part  of  the  civil  defense  organizer  Ion .  In  che  model,  public 
participation  is  signalled  by  codes  with  the  major  designator,  "0",  and 
generally  with  the  subordinate  designator  related  to  the  comparable  code 
for  the  CO  organization. 

The  codes  used  for  the  public  in  PAM  are  listed  in  Table  11. 

Detailed  Development  of  PAM 

The  detailed  development  of  PAM  as  it  now  stands  is  shown  in  Appendix  B. 
The  presentation  of  the  model  is  in  the  order  cf  its  development:  starting 
with  the  POPDEF  input  parameter  that  is  the  PAM  output  and  proceeding  through 
the  direct  support  elements  and  the  indirect  support  elements.  For  each  there 
is  given  a  flow  diagram  (svsten  tree)  as  in  Figures  5  and  6.  Each  of  these  is 
followed  by  a  description  of  the  part  of  PAM  delineated  by  the  system  tree, 
defining  the  terms  and  expressing  the  relationships  in  the  system  algebra 
discussed  above.  The  order  of  the  presentation  in  Appendix  B  is  as  shown  in 
Table  12.  To  avoid  unnecessary  repetition,  each  part  of  PAM  is  described 
wherever  it  first  appears  in  the  analysis.  When  it  appears  later  on,  reference 
is  made  to  where  the  description  is  to  be  found. 

It  will  be  noted  in  Table  12  that  a  number  of  the  codes  represent  neither 
POPDEF  input  parameters  nor  program  elements  listed  in  Table  9  (e.g.,  E^  and 
1^).  These  are  Intermediate  estimates  Introduced  to  avoid  unnecessary 
complexity  and  thus  to  help  keep  the  estimating  process  manageable. 
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Table  11 


PAM  CODES  FOR  PUBLIC  PARTICIPATION 


OR  •  Fraction  of  public  ready  and  willing  to  participate 
in  a  crisis  relocation  movement 

OS  ■  Fraction  of  public  trying  to  Inform  others  about 
crisis  relocation 

OW  ■  Fraction  of  public  crying  to  warn  others 

OL  •  Capability  of  an  emergent  leader  to  achieve  improved 
blast  posture 

OM  •  Capability  of  an  emergent  leader  to  achieve  improved 
fallout  posture 

SO  •  Capability  of  an  emergent  leader  to  receive  and  understand 
information  from  DiC 

OH  ■  Capability  of  an  emergenc  leader  to  conduct  shelter-based 
fire  suppression 

01'  *  Capability  of  an  emergent  monitor  to  perform  shelter  RADEF 

01  *  Capability  of  an  emergent  leader  to  conduct  shelter-based 

rescue 

OJ  *  Capability  of  an  esMrgent  leader  to  conduct  a  shelter-based 

remedial  movement 


Table  12 


PROGRAM  ANALYSIS  MODEL 
Order  of  Exposition  in  Appendix  3 

Fraction  of  Population  Relocated  in  a  Crisis  (FCR) 

Moveaent  Effectiveness-Organizations  (E) 

Movement  Effectiveness  With  Auto  (E,) 

Moveaent  Effectiveness-Supplied  Transport  (E^) 

Fraction  I'nable  to  Relocate  Because  of  Insufficient 
Tiae  (FCR  ) 

Fraction  of  Organization  Population  Ready  and 
Willing  to  Move  (CR) 

Fraction  of  Public  Ready  and  Willing  to  Move  (OR) 
Supplied  Transport  Capability  (RC) 

Resource-Clear  Road  Debris  (RK) 

Police-Control  Traffic  (LF) 

Resource-Supply  Goods  (RB) 

D&C-Systea  Information  Capability  (DZ) 

D&C-Public  Information  Capability  (DS) 

Operations  Plana  (PB) 

Pollce-Malntaln  Facility  Order  (LE) 

Public  Preparednesa-Cr Isis  Relocation  ( I ) 

Public  Information  Materlala-Crlala  Relocation  (IC) 
Organization  Exercise  (NI) 

Organization  Exercise  (PI) 

Fractions  of  Population  at  Random  (FS),  In  Open  (FE), 
and  In  Shelter  (FP) 

Fraction  Going  to  Shelter  (F>T5) 

Effectiveness  of  Warning  Systems  (E>(^) 
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V.  PRELIMINARY  RESULTS  AND  ANALYSIS 

The  methodology  reported  In  Sections  III  and  IV  is  intended  for  use  in 
the  design  and  evaluation  of  civil  defense  programs.  Given  a  program 
description  sufficiently  detailed  to  permit  reasonable  estimates  of  the  many 
Inputs  to  the  Program  Analysis  Model,  values  of  the  POPDEF  Input  parameters 
can  be  generated  and  calculations  made  of  nationwide  survival  for  one  or 
more  hypothetical  nuclear  attacks.  The  result  can  be  compared  with  similar 
results  for  other  programs,  including  a  "no  civil  defense"  case.  Program 
costs  can  be  introduced  to  allow  use  of  a  measure  of  effectiveness,  such  as 
cost  per  added  survivor,  as  has  been  cosnon  practice  in  the  past.  In  this 
application,  the  principal  advantages  of  this  methodology  over  current 
methods  are  (1)  a  more  detailed  modeling  of  the  survival  process,  (2)  a 
direct  relationship  between  program  element  descriptions  and  system  performance 
measures,  and  (3)  explicit  inclusion  of  quantitative  estimates  of  the  impact 
of  human  behavior,  adverse  weather,  and  other  Important  constraints  on  survival. 
These  characteristics  suggest  that  survival  estimates  are  likely  to  be  less 
arbitrary  and  hence,  more  credible  as  predictions  of  performance  than  similar 
estimates  made  by  other  means. 

The  methodology  also  allows  much  more  quantitative  approaches  to  detailed 
program  design.  It  is  possible  to  estimate  the  payoff  of  individual  program 
elements  within  the  context  of  an  overall  program  design;  that  is,  to  answer 
questions  such  as  "How  many  lives  do  EOCs  save?"  This  can  be  accomplished  by 
parallel  runs  of  the  model  in  which  the  Inputs  to  PAM  are  varied  for  a 
particular  program  element  under  consideration.  The  contribution  of  the 
various  elements  can  be  ranked  as  a  basis  for  chenges  in  program  design  to 
maximize  predicted  performance  for  a  given  program  cost.  Relationships  among 
program  elements  can  be  assessed  to  arrive  at  balanced  "program  packages" 
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Intended  to  deal  with  soae  aspect  of  the  attack  environment.  Internal 
balances  among  expenditures  for  recruitment  and  training  of  personnel, 
hardware,  and  planning  for  survival  operations  also  can  be  sought.  These 
potential  uses  of  the  methodology  have  not  yet  been  applied.  Hence,  the 
results  presented  In  this  section  are  limited  to  the  more  traditional 
comparison  of  total  programs. 

To  aid  In  the  analysis  of  results.  It  Is  useful  to  distinguish  between 
"programs"  and  "test  cases".  The  term,  "program",  will  be  restricted  to  a 
sec  of  POPDEF  input  parameters  generated  by  the  application  of  PAM,  which 
considers  a  specific  sec  of  program  elements  having  a  definable  cost.  The 
term,  "test  case",  will  be  used  whenever  one  or  more  POPDEF  Input  parameters 
for  a  given  program  are  adjusted  arbitrarily  to  match  those  of  another  program 
In  order  to  evaluate  the  change  In  survival  due  to  the  remaining  differences 
between  Che  two  programs.  Thus,  the  results  for  test  cases  are  not  realizable 
and  are  not  to  be  confused  with  the  defined  programs. 


Program  Descriptions 


Three  civil  defense  programs  will  be  considered.  The  first  Is  the  program 
that  was  recommended  to  the  President  by  the  Secretary  of  Defense  In  April  1978 
as  a  result  of  a  DoD  study  of  civil  defense  options.  It  Is  presently  known  as 
Program  D  Prime.  The  key  feature  of  Che  program  Is  the  development  of  a  high- 
confidence  crisis  relocation  capability  chat  could  be  maintained  In  the 
evacuated  mode  for  a  month  or  more.  If  necessary.  Given  a  crisis  "surge 
period"  of  about  a  week,  the  Intent  la  not  only  to  relocate  most  residents  of 
urbanized  areas  and  those  near  key  military  targets  but  also  to  house  and  feed 
them  and  to  provide  fallout  protection  should  an  attack  occur.  These  relo- 
catees  are  the  residents  of  che  TR-82  risk  areas.  The  program  Includes 


detailed  operating  plana  for  crisis  relocation  and  hosting,  including  on-site 
work  with  essential  Industries  and  organizations  for  employee  relocation, 
coonuting  of  work  shifts,  and  on-shift  protective  measures.  Simulation 
exercises  are  Included  to  train  the  essential  forces  and  to  improve  the 
effectiveness  of  the  plans.  In-place  shelter  protection  planning  is  also 
included  since  a  decision  to  relocate  the  risk  population  is  not  a  certainty. 

Shelter  protection  in  risk  areas  is  based  on  best  use  of  shelter  in 
existing  facilities.  An  all-effects  survey  la  programmed  to  provide  the  basis 
for  in-place  planning.  In  addition,  the  program  calls  for  9  million  high- 
performance  shelter  spaces  for  key  workers  after  crisis  relocation.  A  host- 
area  survey  effort  is  included  to  identify  suitable  facilities  for  housing  and 
feeding  relocated  persons,  identify  all  facilities  offering  fallout  protection, 
and  identify  other  facilities  that  could  be  upgraded  in  a  crisis  to  provide 
fallout  protection.  Detailed  plans  for  shelter  upgrading  are  included.  Water 
containers,  sanitation  kits  and  ventilation  devices  are  procured  for  host-area 
shelters  and  key-worker  shelters  in  risk  areas. 

Program  D  Prime  Includes  a  Federally  funded  backbone  system  of  EOCs  and 
protected  broadcast  stations,  improved  warning  and  communications,  radiological 
instrument  procurement,  and  extensive  training  of  shelter  managers  and 
radiological  defense  personnel.  This  program  is  estimated  to  cost  $1.89  billion 
over  a  7-year  deployment  period,  based  on  1978  dollars. 

The  second  program  that  will  be  considered  Is  one  that  maintains  the 
current  capability  for  protection  of  the  population.  This  capability  provides 
in-place  protection  only,  based  on  the  National  Shelter  Survey  Inventory.  To 
maintain  the  current  capeblllty  in  the  face  of  population  growth  and  other 
changes  and  degradations  Is  estimated  to  cost  $640  million  over  a  period  of  7 
years  In  1978  dollars. 


The  third  program  provides,  in  addition  to  maintaining  the  current 
in-place  capability,  the  development  of  austere  plans  for  relocating  the 
TR-82  risk-area  residents  in  a  crisis  period.  These  paper  plans  would  not  Include 
detailed  operational  plana  nor  the  exercising  of  such  plans  and  are  estimated 
to  cost  about  one-half  of  the  planning  effort  entailed  in  Program  D  Prime. 

The  overall  cost  of  this  program  is  estimated  to  be  S790  million  over  a  7- 
year  period  in  1978  dollars. 

Evaluation  Scenario 

The  three  programs  described  above  are  evaluated  on  the  basis  that  a 
crisis  occurs  seven  years  hence;  that  is,  at  the  completion  of  Program  D 
Prime.  In  all  cases,  the  crisis  escalates  to  a  confrontation  between  the 
superpowers,  at  which  time  a  "surge  period"  of  preparedness  activity  occurs. 

After  a  week  of  surge  activity,  a  nuclear  exchange  occurs.  The  amount  of 
relocation  of  risk-area  residents  during  Che  crisis  and  surge  period  is 
evaluated  alternatively  under  the  assumption  chat  no  Presidential  order  to 
relocate  occurs  (spontaneous  evacuation  only)  and  under  the  assumption  that 
a  timely  Presidential  declaration  precipitates  implementation  of  crisis 
relocation  plans.  Thus,  four  defensive  postures  are  analysed.  Program  D 
Prime  Is  evaluated  under  the  assumptions  chat  no  Presidential  order  occurs 
(DIP)  and  that  a  full  relocation  occurs  (DRE).  The  second  program,  current 
capability  maintained  (CCM),  does  not  have  a  relocation  option  and  hence  a  Presi¬ 
dential  order  Is  immaterial.  The  paper-plans-only  program  (PPO)  assumes  a 
Presidential  declaration  to  implement  the  plans,  since  with  no  such  order, 
the  posture  is  essentially  the  same  as  CCM. 

Assumed  Attacks 

The  performances  of  che  three  programs  under  the  conditions  described  above 
are  assessed  for  three  hypothetical  attacks.  All  three  attacks  employ  surface 
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detonations  and  average  October  winds  for  determination  of  fallout  levels 
in  the  TENOS  model.  Two  of  the  attacks  (A  and  3)  are  large-scale  attacks 
aimed  at  military  and  urban-industrial  targets  in  the  continental  U.S.,  after 
varied  assumptions  as  to  allocation  of  a  SALT-1 imited  Soviet  capability  to 
this  target  system,  to  other  worldwide  targets,  and  to  a  strategic  reserve. 
Attack  A  is  an  attack  based  on  a  largely  unMIRVed  Soviet  threat  that  was 
used  to  generate  the  risk  areas  of  TR-82.^  It  places  about  SS  percent  of 
the  resident  population  in  the  direct-effects  region  of  detonations.  Attack 
3  is  an  attack  that  is  substantially  larger  than  Attack  A  and  based  on  a 
highly  MIRVed  Soviet  threat.  It  places  about  65  percent  of  the  resident 
population  in  the  direct-effects  region  of  detonations. 

3oth  Attack  A  and  Attack  3  are  regarded  as  "design  case"  attacks;  that 
is,  they  represent  large-scale  attacks  against  likely  counterforce  and 
countervalue  target  systems  that  could  occur  in  the  mid-  to  late-1980s.  The 
crisis  relocation  option  of  Program  D  Prime  and  its  ”paper-plans-only" 
relative  are  designed  against  attacks  of  this  nature.  Attack  C.  on  the  other 
hand,  is  an  "off-design  case".  It  expands  the  dimensions  of  Attack  B  by 
decreasing  the  allocation  of  weapons  to  worldwide  target  systems  and  to 
strategic  reserve  and  directs  the  additional  weapons  to  cities  in  the  host 
areas  outside  the  urbanized  areas.  The  population  of  these  smaller  cities 
(10,000  to  50,000  population)  temporarily  could  become  several  times  larger 
after  a  crisis  relocation  unlesa  measures  were  taken  to  avoid  such  growth. 

It  is  assumed  that  such  measures  are  not  Included  in  Program  D  Prime  and 
hence.  Attack  C  is  a  "people-hunting"  attack  expressly  aimed  at  population 
targets  created  by  crisis  relocation.  Attack  C  is  considered  an  "off-design" 
attack  because  it  is  counter  to  Soviet  declarative  policy,  borrows  weapons 
from  more  important  target  systems,  and  has  not  been  considered  likely  in 
the  design  of  Program  D  Prime.  As  the  largest  of  the  three  attacks.  It  places 
about  75  percent  of  the  resident  population  in  the  direct-effects  region  of 
detonations . 
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POPDEF  Inputs 

To  perform  the  casualty  assessment  using  POPDEF,  it  is  necessary  to 
estimate  the  POPDEF  input  parameters  shown  in  Table  8.  Some  of  these  inputs 
are  "technical"  estimates  and  some  are  estimated  by  the  use  of  the  Program 
Analysis  Model  of  Appendix  3.  In  either  case,  the  estimates  are  subject  to 
uncertainties.  To  account  for  these  uncertainties,  the  POPDEF  model  has 
been  linked  to  a  Monte  Carlo  computational  routine,  as  reported  in  the 
companion  report.*'  In  that  effort,  detailed  estimates  of  the  range  of 
uncertainty  in  POPDEF  and  PAM  input  parameters  have  been  made  by  the 
professional  staff  of  DCPA.  For  this  report,  the  "best"  or  "most  likely" 
estimates  from  the  companion  report  have  been  adopted.  Reference  2  should 
be  consulted  for  the  Justification  of  these  estimates.  The  POPDEF  input 
estimates  used  in  this  report  are  summarized  below. 

The  estimates  of  FCR,  the  fraction  of  the  risk  population  relocated 
in  the  host  areas  at  the  time  of  attack  are:  0.77  for  Program  D  Prime 
relocated  (DRE),  0.27  for  Program  D  Prime  with  spontaneous  evacuation  only 
(DIP),  0.39  for  PPO,  and  0.16  for  the  current  capability  maintained  (CCM)  . 

For  Program  D  Prime,  the  shelter  categories  discussed  in  Section  II  are 
used  with  the  addition  of  two  crisis-produced  categories:  Category  Y  for 
key-worker  shelter  and  Category  XU  for  upgraded  fallout  shelter.  The  POPDEF 
input  estimates  associated  with  shelter  classes  are  shown  in  Table  13  for 
Program  D  Prime  relocated  (DRE).  Corresponding  estimates  for  DIP  are  given 
in  Table  14. 

The  shelter  categories  for  CCM  and  PPO  reflect  the  lack  of  all-effects 
survey  data  and  cosnunlty  shelter  planning  in  these  programs.  Four  categories 
are  specified  in  addition  to  the  "random"  category.  They  are  home  basements 
(Category  D) ,  belowground  NSS  spaces  (a  combination  of  Categories  A,  B,  C, 
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POPDEF  INPUT  PARAMETERS  FOR  SHELTER  CATEGORIES 
PROGRAM  DRE 


Input  Parameter 

Random 

A 

3/C 

D 

E/F 

G/H/I 

_Y _ 

XU 

FA  Risk  Areas 

0.204 

0.054 

0.293 

0.256 

0.043 

0.02 

0.13 

Hv)st  Areas 

- 

0.034 

0.155 

0.135 

0.03 

0.101 

- 

0.545 

Neither  Areas 

- 

0.01 

0.267 

0.499 

0.028 

0.071 

- 

0.125 

FS  Risk  Areas 

- 

0.12 

0.12 

0.11 

0.12 

0.12 

- 

0.12 

Host  Areas 

- 

0.05 

0.05 

0.05 

0.05 

0.05 

- 

0.05 

Neither  Areas 

- 

0.05 

0.05 

0.05 

0.05 

0.05 

- 

0.05 

FE 

- 

0.03 

0.03 

- 

0.03 

0.03 

- 

0.03 

MLOP(psi) 

5 

50 

10 

10 

8 

5 

55 

5 

1ML0P  Risk  Areas 

- 

0.01 

0.03 

0.01 

0.01 

0.04 

— 

0.01 

Host  Areas 

- 

0.07 

0.23 

0.05 

0.07 

0.40 

- 

0.07 

Neither  Areas 

- 

0.06 

0.20 

0.05 

0.06 

0.34 

- 

0.06 

MCOP (pel) 

2 

35 

7 

4 

2 

2 

45 

2 

AMCOP  Risk  Areas 

- 

0.01 

0.03 

0.04 

0.08 

0.04 

- 

0.01 

Host  Areas 

- 

0.07 

0.23 

0.27 

0.66 

0.33 

- 

0.07 

Neither  Areas 

- 

0.06 

0.20 

0.27 

0.56 

0.28 

- 

0.06 

PF 

10 

5000 

500 

25 

55 

70 

200 

40 

APF 

- 

- 

0.75 

1.0 

1.0 

1.0 

- 

0.75 

FTU 

0.06 

0.12 

0.20 

0.02 

0.01 

0.02 

0.11 

0.02 

FR 

0.97 

1.0 

0.75 

0.74 

0.81 

0.97 

1.0 

0.97 

FP 

0.03 

- 

0.11 

0.13 

0.10 

0.03 

- 

0.03 

FFSM 

1.0 

1.0 

0.99 

0.98 

0.99 

1.0 

1.0 

1.0 

FPF  Risk  Areas 

- 

- 

0.05 

0.02 

0.05 

0.05 

— 

0.05 

Host  Areas 

- 

- 

0.84 

0.23 

0.84 

0.84 

- 

0.84 

Neither  Areas 

- 

- 

0.79 

0.23 

0.79 

0.79 

- 

0.79 

FRR 

0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02 

FFR 

- 

- 

- 

- 

- 

- 

- 

- 

FVR(over  2psi) 

0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02 

(under  2  psi) 

0.64 

0.64 

0.64 

0.22 

0.64 

0.64 

0.64 

0.64 

FVR(over  2  psi) 

0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02 

(under  2  psi) 

0.82 

0.82 

0.82 

0.50 

0.82 

0.82 

0.82 

0.82 

FEJt(over  2  psi) 

0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02 

(under  2  psi) 

0.82 

0.82 

0.82 

0.50 

0.82 

0.82 

0.82 

0.82 
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Tdble  14 

POPDEF  INPUT  PARAMETERS  FOR  SHELTER  CATEGORIES 
PROGRAM  DIP 


Input 

Parameter 

Random 

A 

B/C 

D 

E/F 

G/H/I 

Y 

XU 

FA 

Risk  Areas 

0.213 

0.062 

0.337 

0.295 

0.049 

0.023 

0.021 

Host  Areas 

- 

0.046 

0.233 

0.220 

0.02 

0.144 

- 

0.337 

Neither  Areas 

- 

0.01 

0.267 

0.499 

0.028 

0.071 

- 

0.125 

FS 

Risk  Areas 

- 

0.12 

0.12 

0.11 

0.12 

0.12 

— 

0.12 

Host  Areas 

- 

0.05 

0.05 

0.05 

0.05 

0.05 

- 

0.05 

Neither  Areas 

- 

0.05 

0.05 

0.05 

0.05 

0.05 

- 

0.05 

FE 

- 

0.03 

0.03 

- 

0.03 

0.03 

- 

0.03 

MLOP 

(psi) 

5 

50 

10 

10 

8 

5 

55 

5 

1MLOP 

Risk  Areas 

- 

0.07 

0.24 

0.05 

0.07 

0.41 

— 

0.07 

Host  Areas 

- 

0.06 

0.21 

0.05 

0.06 

0.37 

- 

0.06 

Neither  Areas 

- 

0.06 

0.20 

0.05 

0.06 

0.34 

- 

0.06 

MCOP 

(pal) 

7 

a 

35 

7 

4 

2 

*> 

45 

2 

CMC  OP 

Risk  Areas 

- 

0.07 

0.24 

0.32 

0.68 

0.34 

- 

0.07 

Host  Areas 

- 

0.06 

0.21 

0.27 

0.61 

0.30 

- 

0.06 

Neither  Areas 

- 

0.06 

0.20 

0.27 

0.56 

0.28 

- 

0.06 

PF 

10 

5000 

500 

25 

55 

70 

200 

40 

CPF 

- 

- 

0.75 

1.0 

1.0 

1.0 

- 

0.75 

FTU 

0.06 

0.12 

0.20 

0.02 

0.01 

0.02 

0.11 

0.02 

FR 

0.97 

1.0 

0.79 

0.76 

0.83 

0.99 

1.0 

0.99 

FF 

0.03 

- 

0.08 

0.12 

0.09 

0.01 

- 

0.01 

FFSM 

1.0 

1.0 

0.99 

0.98 

0.99 

1.0 

1.0 

1.0 

FPF 

Risk  Areas 

- 

- 

0.75 

0.23 

0.75 

0.75 

0.75 

Host  Areas 

- 

- 

0.80 

0.23 

0.80 

0.80 

- 

0.80 

Neither  Areas 

- 

- 

0.79 

0.23 

0.79 

0.79 

- 

0.79 

FRR 

0.21 

0.21 

0.21 

0.11 

0.21 

0.21 

0.21 

0.21 

FFR 

0.13 

0.13 

0.13 

0.05 

0.13 

0.13 

0.13 

0.13 

FVR 

(over  2  psi) 

0.21 

0.21 

0.21 

0.11 

0.21 

0.21 

0.21 

0.21 

(under  2  psi) 

0.65 

0.65 

0.65 

0.22 

0.65 

0.65 

0.65 

0.65 

FVR 

(over  2  psi) 

0.22 

0.22 

0.22 

0.13 

0.22 

0.22 

0.22 

0.22 

(under  2  pel) 

0.78 

0.78 

0.78 

0.37 

0.78 

0.78 

0.78 

0.78 

FER 

(over  2  psi) 

0.22 

0.22 

0.22 

0.13 

0.22 

0.22 

0.22 

0.22 

(under  2  pel) 

0.78 

0.78 

0.78 

0.37 

0.78 

0.78 

0.78 

0.78 
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and  G  in  Table  1),  aboveground  NSS  (Categories  E,  F,  H,  and  I),  and  a 
special  category  that  represents  the  efforts  of  a  portion  of  the  basement¬ 
less  public  to  follow  instructions  on  how  to  upgrade  fallout  protection  in 
residences.  The  POPDEF  input  estimates  associated  with  these  shelter  classes 
for  the  current  capability  maintained  (CCM)  are  given  in  Table  15.  These 
inputs  also  apply  to  PPO  (paper  plans  only)  except  that  a  revised  shelter 
assignment  (FA)  is  used  to  account  for  the  additional  relocation  to  the  host 
areas . 

Input  parameters  common  to  all  postures  are:  MTOP  is  taken  to  be  0.88 
times  the  MLOP  for  all  shelter  classes;  those  caught  in  the  open  are  assessed 
at  an  XLGP  of  3  psi  and  an  MCOP  of  2  psi,  with  the  survivors  considered  to 
proceed  to  their  assigned  shelter;  FFSS  is  taken  to  be  unity  for  all  shelter 
classes;  fire  effects  are  limited  to  the  region  experiencing  a  blast  over¬ 
pressure  greater  than  2  psi  (PSIF  -  2  psi);  and  the  blast  overpressure  that 
destroys  water  supplies  is  4  psi  (PSIFW  •  U  psi).  Below  this  level,  water 
is  assumed  to  be  available  in  tanks  in  all  residences  and  in  half  the  public 
shelters.  An  exception  is  in  the  host  areas  for  Program  D  Prime  where  all 
public  shelters  have  stocked  water.  Ventilation  is  considered  adequate 
(FV  -  0)  for  all  shelter  classes  except  NSS  basements  and  upgraded  fallout 
shelter  where  FV  equals  1.0  except  in  the  host  areas  for  Program  D  Prime 
where  ventilation  kits  are  provided.  The  event  times  usea  are  those  shown 
in  Table  8. 

The  POPDEF  Output 

The  results  of  the  POPDEF  casualty  computations  can  be  printed  out  in 
varying  amounts  of  detail  as  needed  for  purposes  of  analysis.  The  highest 
level  of  aggregation  is  the  national  summary,  an  example  of  which  is  shown 
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Table  15 


POPDEF  INPUT  PARAMETERS  FOR  SHELTER  CATEGORIES 
PROGRAM  CCM 


Hose 


Input 

Parameter 

Random 

Basements 

FA 

Risk  Areas 

0.234 

0.549 

Host  Areas 

0.471 

0.356 

Neither  Areas 

0.122 

0.748 

FS 

Risk  Areas 

- 

0.42 

Host  Areas 

- 

0.05 

Neither  Areas 

- 

0.05 

FE 

- 

- 

MLOP 

(psi) 

5 

10 

AMLOP 

Risk  Areas 

- 

0.01 

Host  Areas 

- 

- 

Neither  Areas 

- 

- 

MCOP 

ipsi) 

2 

4 

AMCOP 

Risk  Areas 

- 

0.04 

Host  Areas 

- 

0.03 

Neither  Areas 

- 

0.03 

PF 

10 

25 

APF 

- 

1.0 

FTU 

0.06 

0.02 

FR 

0.81 

0.63 

FF 

0.04 

0.16 

FFSM 

1.0 

0.98 

FPF 

Risk  Areas 

• 

0.02 

Host  Areas 

- 

0.02 

Neither  Areas 

- 

0.02 

FRR 

0.02 

0.02 

FFR 

0.02 

0.02 

FVR 

(over  2  psi) 

0.02 

0.02 

(under  2  psi) 

0.03 

0.03 

FVR 

(over  2  pel) 

- 

- 

(under  2  psi) 

- 

- 

FER 

(over  2  psi) 

0.02 

0.02 

(under  2  psi) 

0.03 

0.03 

Belowground 

NSS 

Aboveground 

NSS 

Upgraded 

Residences 

0.146 

0.015 

0.056 

0.077 

0.008 

0.088 

0.042 

0.010 

0.078 

0.47 

0.47 

0.47 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.12 

0.12 

- 

7 

5 

5 

0.05 

0.01 

- 

0.04 

0.01 

- 

0.04 

0.01 

- 

4 

2 

2 

0.05 

0.13 

— 

0.04 

0.10 

- 

0.04 

0.10 

- 

100 

70 

50 

0.75 

1.0 

- 

0.20 

0.02 

0.06 

0.66 

0.69 

0.83 

0.13 

0.12 

0.04 

0.99 

0.99 

1.0 

0.21 

0.21 

- 

0.19 

0.19 

- 

0.19 

0.19 

- 

0.04 

0.04 

0.02 

0.02 

0.02 

0.02 

0.04 

0.04 

0.02 

0.08 

0.08 

0.03 

0.05 

- 

- 

0.10 

- 

- 

0.05 

0.05 

0.02 

0.10 

0.10 

0.03 

in  Table  16.  Similar  summaries  can  be  requested  for  Che  chree  regions: 

Risk,  Host,  and  Neither.  Within  each  region,  detailed  printouts  can  be 
obtained  for  each  shelter  class.  The  latter  are  in  the  format  of  Table  8 
except  for  omission  of  the  listing  of  input  parameter  values.  Each  shelter 
class  event  tableau  is  followed  by  a  casualty  summary  like  chat  in  Table  16. 

The  casualty  summary  consists  of  chree  cables  in  sequence.  The  uppermost 
table  records  total  survivors  (in  millions)  by  event,  as  assessed  from  the 
"Move"  columns  of  the  event  tableau.  Those  afforded  remedial  radiological 
measures  are  shown  separately  from  chose  who  are  not.  Within  these  cate¬ 
gories,  those  uninjured  (MU)  and  Injured  (MI)  by  direct  effects  are  shown. 

Next  in  Table  16  is  the  record  of  the  subset  of  survivors  who  are 
uninjured  from  fallout  radiation;  that  is,  those  whose  ERD  is  less  than  200 
Roentgens  if  blast  injured  or  less  than  250  R  if  not  injured.  The  differences 
between  these  entries  and  the  corresponding  entries  in  the  upper  table  are 
chose  survivors  suffering  radiation  Injury. 

At  the  bottom  of  Table  16  are  the  summaries  of  survivors  and  fatalities 
by  cause.  The  "Not  Injured"  Is  the  sum  of  the  MU  columns  in  the  "Radiation 
Uninjured"  table.  The  blast  injured  value  is  the  sum  of  the  MI  columns  in 
the  same  table.  The  radiation  injured  are  obtained  from  the  differences 
between  the  MU  columns  in  the  two  upper  cables  and  chose  Injured  by  both  blast 
and  radiation  are  obtained  In  a  similar  fashion  from  the  Ml  columns.  By 
dividing  any  entry  by  the  population  base  shown  at  the  top  of  the  table,  the 
results  can  be  expressed  in  terms  of  fractional  survival.  In  Table  16,  which 
is  for  Program  DR£  under  Attack  A,  the  overall  survival  rate  is  about  87  percent. 
About  80  percent  of  the  population  are  uninjured  survivors.  The  fatalities  are 
about  equally  due  to  blast  and  radiation,  with  a  small  "other"  contribution 
from  fire  and  lack  of  rescue. 
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Table  16 

EXAMPLE  POPDEF  OUTPUT 
(Program  ORE  —  Attack  A) 


Population  ■  211.774 


TOTAL  SURVIVORS 


REMEDIAL  NON- REMEDIAL 


MU 

MI 

MU 

MI 

Rescue 

.013 

.128 

.064 

.564 

Fire 

.000 

.000 

.326 

.095 

Water 

1.867 

.188 

4.682 

1.487 

Vent 

.474 

.012 

.600 

.059 

Emergence 

131.559 

.334 

40.360 

.662 

Subtotal 

133.913 

.662 

46.032 

2.867 

RADIATION 

UNINJURED 

REMEDIAL 

NON -REMEDIAL 

MU 

•2. 

MU 

MI 

Rescue 

.012 

.115 

.053 

.430 

Fire 

.000 

.000 

.225 

.063 

Water 

1.712 

.154 

3.744 

1.072 

Vent 

420 

.011 

.516 

.051 

Emergence 

127.193 

.301 

35.693 

.503 

Subtotal 

129.337 

.581 

40.232 

2.119 

ULTIMATE  SURVIVORS 

FATALITIES 

Not  Injured 

169.569 

Blast 

15.290 

Blast  Injured 

2.700 

Radiation 

12.786 

Radiation  Injured 

10.376 

Other 

.224 

Blast  Radiation 

Injured 

.829 

TOTAL 

183.474 

TOTAL 

28.300 
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Presentation  of  Results 

The  essenclal  results  of  the  assessment  of  the  four  programs  under  the 
three  hypothetical  attacks  are  displayed  In  Figure  7.  Program  D  Prime 
relocated  (DRE)  and  the  paper-plans-only  program  (PPO)  are  grouped  together, 
since  both  assume  a  Presidential  order  to  Implement  crisis  relocation.  Program 
D  Prime  ln-place  (DIP)  Is  compared  with  the  Current  Capability  Maintained 
(CCM),  since  only  spontaneous  evacuation  Is  assumed  in  these  programs.  Some 
general  observations  can  be  made  from  these  results.  As  one  might  expect, 
the  performance  of  all  programs  decreases  as  the  attack  weight  Increases  but 
the  lov-cost  programs  are  degraded  more  severely.  Under  the  "people-hunting" 
Attack  C,  both  Program  D  Prime  postures  (DRE  and  DIP)  maintain  about  tvo-thirds 
of  their  performance  under  Attack  A  whereas  PPO  and  CCM  fall  to  about  half 
their  performance  under  Attack  A. 

Comparing  the  two  crisis  relocation  programs,  DRE  adds  about  27X  of  the 
population  as  survivors  over  PPO,  almost  Independent  of  attack  weight.  In 
terms  of  uninjured  survivors,  DRE  adds  about  one-third  of  the  population 
relative  to  PPO  for  Attacks  A  and  B,  the  "design"  attacks,  falling  to  one- 
quarter  of  the  population  for  the  "off-deslgn"  attack.  In  absolute  terms, 

DRE  provides  high  survivorship  under  the  design  attacks  (74  to  87  percent) 
as  compared  with  the  46  to  60  percent  survivors  for  PPO.  Indeed,  DRE  performs 
as  well  under  the  "people-hunting"  attack  as  does  PPO  under  the  less  severe 
design  attacks. 

Comparing  the  spontaneous  evacuation  cases,  DIP  adds  about  17  percent  of 
the  population  as  survivors  over  CCM,  again  Independent  of  attack  weight,  and 
20Z  of  the  population  are  added  uninjured  survivors  for  the  design  attacks. 

In  absolute  terms,  DIP  performance  is  78  percent  of  DRE  for  Attack  A,  falling 
slightly  with  increasing  attack  weight  to  74  percent  for  Attack  C.  The 
current  capability,  CQt,  on  the  other  hand,  provides  60  percent  of  the  DRE 
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survlvorship  under  Attack  A  and  degrades  to  less  chan  half  for  Attack  C. 

It  should  also  be  noted  that  Program  D  Prime  without  a  Presidential 
relocation  order  (DIP)  out-performs  the  paper-plans-onJ.y  program  (PPO)  for 
all  attacks,  even  chough  Its  additional  investment  in  crisis  relocation 
capability  is  largely  unused.  This  finding  suggests  chat  t.he  characteristics 
of  Program  D  Prime  other  chan  chose  concerned  wich  relocation  have  a  strong 
bearing  on  Its  lifesaving  performance. 

Test  Case  Comparisons 

To  explore  the  relative  contribution  of  major  program  elements,  one  can 
construct  appropriate  cesc  cases  Chat  arbitrarily  fix  che  values  of  one  of 
Che  POPDEF  Input  parameters  for  comparison  purposes.  Such  a  comparison  Is 
shown  In  Figure  8,  In  which  che  effectiveness  of  crisis  relocation  after  a 
Presidential  order  Is  resioved  from  consideration.  For  this  purpose,  we 
Introduce  Test  Case  1,  which  has  all  of  the  performance  characteristics  of  PPO 
except  that  the  fraction  of  the  risk  population  relocated  to  the  host  areas 
(FCR)  Is  Inflated  to  match  that  estimated  for  Program  0  Prime.  As  noted  before, 
this  test  case  is  not  a  deployable  program.  To  match  the  estimated  FCR  for 
Program  0  Prime,  one  would  nemd  to  add  to  PPO  all  of  che  Program  D  Prime 
program  elements  that  contribute  to  FCR  In  the  PAM  procedures  of  Appendix  B. 

But  these  additions  also  would  affect  other  POPDEF  Input  parameters  not 
considered  In  the  test  case.  In  Test  Case  1,  FCR  Is  set  arbitrarily  at  0.77, 
a  revised  shelter  assignment  is  Introduced  to  sccount  for  the  additional 
relocation  of  people  to  the  host  area  using  the  CCM  shelter  classes,  and  the 
attack  environment  matrices  also  are  adjusted  to  account  for  the  relocation. 
Otherwise,  all  of  the  CCM  Input  parameters  pertain. 


PERCENT  SURVIVORS  PERCENT  SURVIVORS  PERCENT  SURVIVORS 


9 


77%  RELOCATION  39%  RELOCATION 


77%  RELOCATION  39%  RELOCATION 


77%  RELOCATION  39%  RELOCATION 


FIGURE  8.  COMPARISON  AT  SAME  FCR 
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Siad.larly,  we  can  introduce  Test  Case  2,  In  which  the  FCR  of  Program 
0  Prise  is  arbitrarily  constrained  to  match  that  estimated  for  PPO.  Thus, 
in  effect,  those  elements  of  Program  D  Prime  other  than  crisis  relocation 
are  compared  with  those  of  PPO  at  two  levels  of  relocation,  77  percent  and 
39  percent.  At  the  high  relocation  level.  Program  D  Prise  adds  IS  to  19 
percent  of  the  population  as  survivors  over  Test  Case  1  over  the  range  of 
attacks.  At  Che  lower  relocation  level,  the  constrained  Program  D  Prime 
(Test  Case  2)  provides  12  to  IS  percent  of  the  population  as  added  survivors 
over  PPO.  This  somewhat  lower  differential  performance  Indicates  that  the 
additional  elements  in  Program  D  Prime  —  shelter  survey  and  planning, 
shelter  stocks  in  host  areas,  better  radiological  instruments  and  training, 
more  survivable  D6C,  and  the  like  —  are  most  effective  in  Che  host  areas 
and  hence,  at  high  levels  of  crisis  relocation.  Siallar  conclusions  can 
be  reached  with  respect  to  uninjured  survivors. 

In  Attack  A,  Program  D  Prime  (DRE)  Increases  the  survivors  by  27  percent 
of  Che  total  population  over  PPO  (87  percent  less  60  percent).  The  12  to  15 
percent  added  by  the  test  case  comparison  is  about  half  the  total  (44  to  56 
percent),  indicating  chat  the  non-relocation  elements  of  Program  D  Prime 
contribute  about  equally  with  the  improved  relocation  elements.  This  finding 
is  confirmed  by  the  observation  that  the  two  test  cases  yield  the  same  total 
survivors.  In  Attack  B,  the  heavier  design  attack,  the  15  to  19  percent 
differencial  established  by  the  test  cases  represents  about  60  percent  (54  to 
68  percent)  of  the  survivors  added  by  DRE  over  PPO.  In  ocher  words,  the  non- 
relocation  elements  of  Program  D  Prime  contribute  more  to  survivorship  than 
do  the  relocation  elements.  This  finding  is  confirmed  by  the  observation 
that,  for  the  heavier  Attack  B,  Program  D  Prime  constrained  to  the  lover 
relocation  effectiveness  (Test  Case  2)  saves  more  lives  chan  the  paper-plans- 
only  program  Inflated  to  the  higher  relocation  effectiveness  (Test  Case  1) . 
Again,  similar  conclusions  csn  be  drawn  for  Attack  C,  the  off-design  attack. 
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Th«  foregoing  is  an  example  of  how  rest  cases  can  be  used  to  provide 
Insight  Into  the  relative  contribution  of  program  elements.  Other  test 
cases  can  be  constructed  to  allow  analysis  of  pertinent  program  elements 
or  program  packages.  For  example,  one  could  arbitrarily  Inflate  PPO  by 
providing  the  same  sheltering  capability  (FA)  as  in  Program  D  Prime,  or  one 
could  constrain  Program  0  Prime  to  the  shelter  potential  of  PPO  and  CCM. 

Thus,  the  shelter  survey,  shelter  development ,  and  shelter  use  planning 
elements  of  Program  D  Prime  could  be  balanced  off  to  permit  evaluation  of 
the  remaining  program  differences. 

Effectiveness  Relative  to  Cost 

A  cost-effectiveness  ratio,  such  as  dollars  invested  per  uninjured 
survivor  or  program  dollars  per  survivor  added  relative  to  some  base  case, 
is  often  used  in  program  design  and  evaluation.  Such  measures  or  figures  of 
a*rlt,  although  useful,  are  subject  to  a  number  of  limitations.  One  difficulty 
is  that  in  population  defense  as  in  most  other  endeavors  the  cost-effectiveness 
ratio  grows  as  «f fectivenecs  increases.  That  is,  very  modest  investments  in 
program  funds  can  yield  substantial  additional  survivors  compared  to  a  base¬ 
line  of  poor  preparedness.  On  the  other  hand,  saving  nearly  everyone  will  be 
found  to  be  very  costly,  if  feasible  at  all.  In  general,  the  cost  per 
survivor  will  increase  as  more  and  more  survivors  are  striven  for  in  program 
design.  Hence,  high-performance  programs  not  only  cost  more  than  lov- 
performance  programs  but  also  usually  have  a  higher  ce*t-ef fectiveoess  ratio. 

For  this  reason,  it  is  preferable  to  hold  one  of  the  factors  constant  in  program 
design;  that  is,  to  seek  the  least-cost  program  for  a  given  effectiveness  or 
the  most  effective  program  for  a  given  cost.  In  practice,  it  may  not  be 
possible  to  do  this  and  the  comparison  of  major  program  options  of  the  kind 
discussed  here  is  a  case  in  point.  When  evaluating  programs  or  program 
tltstoti  of  widely  varying  performance  and  cost,  it  is  necessary  to  consider 
cost-effectiveness  ratios  in  light  of  relative  effectiveness  as  well. 
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Another  hazard  of  applying  cost-effectiveness  measures  to  program 
analysis  is  that  such  measures  are  usually  sensitive  to  off-design 
assumptions,  such  as  the  nature  of  the  attack  or  gross  changes  in  the 
evaluation  scenario.  Attack  C  is  one  example.  The  effectiveness  of 
all  programs  is  least  for  this  attack  and  the  cost  per  survivor  highest. 

Yet,  it  is  possible  to  improve  the  performance  of  all  programs  against 
this  attack  at  little  additional  cost  by  redefining  the  Risk,  Host,  and 
Neither  areas  to  avoid  hosting  in  outlying  cities  over  some  population 
size.  Similarly,  the  Introduction  of  a  pure  counterforce  attack  into 
the  analysis  would  have  the  effect  of  increasing  the  survivors  for  all 
programs  and  increasing  their  cost  per  added  survivor,  since  much  of  the 
designed  capability  would  not  be  used.  The  comparison  of  crisis  reloca- 
programs  with  programs  designed  for  a  short-warning  contingency  offers 
similar  problems. 

With  these  caveats,  some  considerations  of  costs  and  effectiveness  are 

* 

shown  in  Figure  9.  In  the  upper  chart,  the  performance  of  CCM,  PPO,  and  DRE 
are  plotted  against  their  7-year  program  costs.  (The  choice  of  a  suitable 
time  horizon  for  program  costing  is  another  analytical  problem.)  The  per¬ 
formances  under  each  of  the  three  attacks.  A,  B,  and  C,  have  been  connected 
by  curves  for  Illustrative  purposes.  In  some  analyses,  such  as  that  in 
Reference  S,  such  curves  are  avoided,  although  the  eye  tends  to  Introduce 
them.  The  reason  is  that  there  is  no  assurance  chat  a  deployable  program 
costing,  say,  1.2  billion  dollars  would  have  the  performances  Implied  by  the 
curves.  On  the  ocher  hand,  if  Che  given  programs  have  merit,  Che  trend  curve 
might  be  useful  in  Judging  the  meric  of  some  ocher  relocation-oriented  program 
with  performances  substantially  above  or  below  the  trend  curves.  The  curves  are 
introduced  to  illustrate  the  trend  only,  which  is  that  performance  in  terms 
of  percent  survivors  Increases  with  increasing  program  Investment  and  that  the 
cost  per  added  survivor  also  Increases,  as  indicated  by  the  decreasing  slope 
of  the  curves.  Only  the  crisis  relocation  options  are  presented,  with  CCM 
regarded  as  a  baseline  in  which  a  Presidential  relocation  order  is  more  or 
less  Immaterial.  DIP  is  not  Included.  If  it  were,  it  would  show  the  same 

*Figure  9  is  based  on  costs  described  on  page  77  and  performance  shown  in 
Figure  7. 
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cost  as  DRE  but  lower  survival  levels.  It  appropriately  could  be  compared, 
along  with  CCM,  with  other  in-place  program  options  not  specified  here. 

In  the  middle  chart,  the  information  in  the  upper  chart  is  repeated 
with  the  abscissa  changed  from  7-year  program  cost  to  7-year  cost  per 
survivor.  Specifically,  the  percent  survivors  provided  by  each  program  for  a 
given  attack  is  reconverted  to  millions  of  survivors,  as  shown  in  the  POPDEF 
output  tables,  and  divided  into  the  program  cost  to  yield  cost  per  survivor 
in  dollars.  These  costs  range  from  a  low  of  about  $6  to  a  high  of  about  $16. 
Two  kinds  of  trend  lines  are  shown.  The  solid  curves  trace  the  decreasing 
performance  and  increasing  cost  per  survivor  for  each  program  as  the  attack 
weight  Increases  from  Attack  A  to  Attack  C.  The  daehed  curves  trace  the 
increased  performance  and  increased  cost  per  survivor  across  programs  for 
each  attack.  These  curves  are  directly  related  to  the  trend  lines  in  the  upper 
table  and  subject  to  the  same  comments.  They  do  illustrate  better  than  the 
upper  curves  some  basic  program  cost  and  effectiveness  behavior. 

Consider  the  matter  of  a  baseline  case.  In  the  chart,  CCM  must  play 
this  role  although  it  entails  7-year  costs  of  $6  co  $12  per  survivor.  Suppose 
no  funds  were  expended  on  nuclear  preparedness,  a  "no  civil  defense"  case. 

It  would  be  feasible,  at  least  in  theory,  to  estimate  the  degradation  of  the 
current  capability  over  a  seven-year  period,  reestiaate  the  POPDEF  input 
parameters,  and  compute  results  for  the  three  attacks.  There  would  be 
survivors,  more  for  Attack  A  than  for  Attack  C.  The  percent  survivors  would 
be  placed  on  the  zero  ordinate  of  the  middle  and  upper  charts  and  the  dashed 
curves  led  to  them.  The  middle  chart  shows  most  clearly  that  there  must  be 
an  inflection  point  In  such  curves  and  that  CCM  and  PPO  are  very  nearly  on 
that  point.  (To  the  right  of  the  chart,  in  the  region  of  higher  effectiveness 
and  higher  costs,  all  of  the  attack  trend  lines  would  extend  in  some  fashion 
to  an  imaginary  point  at  100  percent  survivors  at  infinite  cost  per  survivor.) 
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The  foregoing  discussion  shows  that  cost  per  survivor  is  a  United 
measure  because  not  all  of  the  survivors  are  the  result  of  the  program 
investment.  Some  would  have  survived  at  zero  program  cost.  It  is  for  this 
reason  that  a  "no  civil  defense"  case  is  often  taken  as  a  baseline  to  deduct 
those  who  would  survive  in  any  event.  In  the  lower  chart  of  Figure  9,  we 
have  used  CCM  as  the  baseline  case.  Only  those  survivors  above  and  beyond 
those  estimated  for  CCM  are  credited  to  PPO  and  DRE.  CCM  costs  are  treated 
as  sunk.  CCM  produces  no  added  survivors  at  zero  cost  and  7-year  costs 
for  PPO  and  DR£  are  S150  million  and  SI. 25  billion  respectively  (page  77). 
Cost  per  added  survivor  is  plotted  against  percent  survivors  to  maintain 
the  perspective  of  absolute  performance.  If  cost  per  added  survivor  were 
plotted  against  added  survivors,  the  chart  would  be  more  dramatic  but  the 
essential  reiationsnip  would  have  been  lost.  For  Attack  A,  CCM  provides 
52  percent  survival.  Programs  PPO  and  DRE  can  change  Che  fate  of  Che 
<*3  percenc  who  would  be  fatalities.  PPO  saves  17  percent  of  these  at  a 
cost  of  about  $9  per  added  survivor.  DRE  saves  73  percent  or  over  4  times 
as  manv  at  a  cost  per  added  survivor  less  than  twice  that  of  PPO.  For 
Attack  C,  CCM  leaves  75  percent  of  the  population  as  potential  fatalities. 
PPO  saves  9  percent  of  these  at  a  cost  of  S12  per  added  survivor.  DRE 
saves  5  times  as  many  at  a  50  percent  increase  in  cost  per  survivor  added. 
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VI.  OTHER  MEASURES  OF  EFFECTIVENESS 

Th«  purposes  of  chls  section  of  che  report  ere:  (a)  identify  chose  civil 
detense  syscea  elements  and  corresponding  programs  that  contribute  to  broader 
measures  of  system  effectiveness  and  whose  value  is  only  partially  measured  by 
their  contribution  to  the  reduction  of  casualties;  and  (b)  explore  the 
possible  application  of  these  broader  measures  of  system  effectiveness 
in  DCPA  program  evaluation  and  design,  as  called  for  in  the  scope  of  work 
(Section  I).  The  scope  of  work  identifies  several  measures  of  interest; 
namely,  reduction  of  long-term  and  genetic  radiation  injury,  postattack 
control  of  disease  and  disability,  maximum  postattack  availability  of  the 
work  force,  and  improvement  of  Industrial  and  economic  recovery  rates.  In 
this  section,  some  general  considerations  bearing  on  these  broader  measures 
of  effectiveness  will  be  discussed,  preparedness  program  elements  that 
contribute  not  only  to  casualty  reduction  but  also  to  such  measures  will  be 
identified,  and  practical  problems  of  applying  these  measures  to  civil 
defense  program  design  and  evaluation  will  be  addressed. 

General  Considerations 

The  fundamental  effect  of  the  adoption  of  a  measure  of  effectiveness 
other  than  casualty  reduction  is  to  extend  the  consideration  of  countermeasures 
into  the  postattack  or  recovery  period.  The  system  elements  considered  in 
earlier  sections  of  this  report  are  a  mix  of  passive  countermeasures  (e.g., 
shelter)  and  active  countermeasures  (rescue,  firefighting).  Postattack  system 
elements  are  predominantly  active  countermeasures  that  emphasize  the  repair, 
restoration,  and  reconstruction  of  needed  facilities  that  were  damaged  In  one 
way  or  another  during  che  attack.  Presumably,  the  poscatcack  or  recovery  period 
after  a  nuclear  war  would  end,  as  far  as  che  civil  defense  organization  Is 
concerned,  when  the  capabilities  for  continued  Indefinite  survival  as  a  nation 
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have  been  established  and  acceptable  Institutions  have  become  operational  in 
the  same  sense  that  they  were  before  the  war  started.  This  end-point,  of  course, 
goes  well  beyond  the  strict  definition  of  civil  defense  in  Public  Law  31-920  but 
that  fact  is  Inherent  in  consideration  of  the  measures  of  effectiveness  cited 
above . 

The  fact  that  most  of  the  casualty-reduction  and  postattack  countermeasures 
are  active  countermeasures  suggests  that  the  most  suitable  measure  of 
effectiveness  of  a  civil  defense  system  might  be  the  number  of  healthy 
(uninjured)  survivors  remaining  after  attack  since  active  countermeasures  can 
only  be  conducted  by  healthy  survivors.  This  consideration  is  evident  in  the 
framework  of  the  Program  Analysis  Model  described  in  Section  IV  and  in  Appendix 
3.  Because  the  Injured  would  require  care  and  services  on  the  part  of  the 
uninjured,  any  system  that  produced  a  high  proportion  of  Injured  survivors 
would  not  be  given  a  high  effectiveness  rating  since  the  capacity  to  recover 
the  necessities  for  continued  future  survival  would  be  reduced.  Thus,  the 
first  concern  should  be  to  devise  that  combination  of  system  elements  that 
would  maximize  the  number  of  healthy  survivors  and  their  ratio  to  the  Injured. 

The  second  concern  would  stress  the  means  to  assure  continued  support  of 
the  survivors  to  stay  alive  and  healthy  for  an  indefinite  period  of  time  into 
the  future,  preventing  the  spread  of  disease,  malnutrition,  exposure  to  the 
elements,  or  any  other  hazard  that  could  lead  to  a  second  wave  of  casualties 
and  fatalities.  Thirdly,  emphasis  would  shift  to  the  restoration  of  all  the 
facilities,  institutions,  and  services  that  would  provide  the  mix  of  goods  and 
services  assumed  to  mark  the  end  of  the  recovery  period. 

In  conceptualizing  the  extension  of  a  "defense  scenario",  it  should  be 
noted  that  the  postattack  or  recovery  period  begins  for  the  people  in  any  area 
at  the  time  beyond  which  they  are  no  longer  required  to  stay  in  shelter  as  a 
protection  against  weapon  effects  (blast,  fire,  and  radiation  from  fallout). 


V 


-99- 


And  because  the  latter  would  be  quite  variable  over  the  landscape,  the 
required  shelter  stay  would  be  quite  variable,  not  two  weeks  or  any  other 
set  time  period  used  in  measuring  casualty  reduction. 

Some  areas  of  the  country  will  receive  no  blast  or  fire  damage  and  a 
negligible  amount  of  fallout.  People  in  these  areas  would  experience  no 
transactack  phase  and  have  no  reason  to  stay  in  shelter  except  fear  of  further 
attack.  They  would  be  in  the  postattack  period  a  day  or  so  after  the  attack 
and  could  proceed  to  help  those  that  need  it.  Because  of  radioactive  decay, 
the  radiologlcally  hazardous  areas  will  decrease  in  size  with  time  and  hence 
the  "safe"  areas  will  Increase  in  size;  this,  coupled  with  the  effect  of  shelter 
PF  on  exposures,  provides  an  area-time  scale  of  shelter  emergence. 

In  preparation  for  postattack  recovery,  one  of  the  first  considerations 
would  Include  the  mobilization  of  the  available  manpower  and  skills  that  remain. 
To  initiate  this  mobilization,  all  survivors  in  shelter  or  previously  residing 
in  the  damaged  areas  must  be  relocated  to  centers  <e.g.,  staging  areas)  in  the 
"safe"  areas.  Persons  evacuated  from  heavy  fallout  areas  would  also  be  brought 
to  these  centers  where  manpower  pools  could  be  formed  from  which  recovery  teams 
could  be  drawn.  Postattack  recovery  measures  would  be  conducted  by  the  total 
available  healthy  work  force  drawn  from  the  population  then  located,  temporarily 
or  permanently,  in  the  vicinity  of  the  staging  area  centers.  At  some  (early) 
point  in  time,  govcrmental  institutions  and  agencies  will  need  to  constitute  or 
reconstitute  themselves  as  viable  entitles  to  assume  responsibility  for  directing 
the  natlonal-to-local  recovery  efforts.  This  conceptualization  is  an  appropriate 
bridge  from  the  scenario  described  in  Section  III. 


A  Basic  Recovery  Scenario 


Whatever  the  structure  of  D4C  and  the  status  of  "continuity  of  government” 
is  at  the  time,  it  would  be  most  prudent  that  the  sequence  of  recovery  operations 
be  organized  to  accomplish  certain  sets  of  tasks  in  about  four  steps.  These  are: 
(1)  recover  all  of  the  essentials  for  immediate  and  near-term  survival  of  all 


persons  brought  into  the  "sere”  staging  area  centers;  (2)  still  relatively  early 
in  the  recovery  period,  restore  to  operable  condition  the  needed  supply  and 
distribution  systems  of  basic  utilities  and  services  as  a  means  of  assuring 
survival  for  a  still  longer  period;  (3)  restore  to  operable  condition  essential 
agricultural  and  industrial  production  capabilities  and  commercial  institutions 
and  initiate  the  reconstitution  of  social  and  political  institutions  where 
feasible;  (4)  and  finally,  complete  the  return  to  operation  of  all  the 
needed  Industrial,  economic,  and  social  institutions.  Including  a  market 
economy,  and  allow  the  resumption  of  nonessential  activities  and  Institutions. 

A  provisional  listing  of  the  most  Important  recovery  activities  Is  given  In 
Table  1?  in  the  stepwise  format  to  indicate  a  convenient  progression  of  the 
operational  functions  of  a  conservative  recovery  schedule. 

Although  the  general  purpose  of  each  Item  in  Table  17  is  Implied  in  its 
statement,  an  expanded  statement  of  purpose  Is  given  in  Table  18,  where  the 
statements  refer  to  the  corresponding  item  in  Table  17.  These  statements  of 
general  purpose  are  useful  in  conceptualizing  the  operations  needed  to  carry 
out  the  functions.  In  Identifying  the  system  elements  that  would  be  involved 
in  the  operations,  and  in  ascribing  measures  of  effectiveness. 

The  effectiveness  of  a  system  element  or  countermeasure  Is  clearly 
related  to  the  purpose  or  purposes  for  which  It  Is  Intended.  If  such 
individual  measures  can  be  ordered  and  organized  with  suitable  and  comparable 
effectiveness  parameters  that  can  be  related  to  some  given  overall  goal,  the 
associated  systM  element  could  then  be  assessed  for  effectiveness  and  cost 
as  part  of  the  overall  program.  The  final  assessment  of  effectiveness  must 
be  placed  in  an  operational  setting  similar  to  that  now  structured  In  the 
Population  Defense  Model  of  Section  III  and  the  Program  Analysis  Model  of 
Section  IV.  In  these  models,  the  measures  of  effectiveness  of  individual 
system  elements  are  operationalized  In  the  form  of  algebraic  ralatlons  and 
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Table  17 

A  LISTING  OF  SELECTED  SEQUENTIAL  POSTATTACK  RECOVERY  FUNCTIONS 


A.  Flrac  Seep;  secure  and  provide  survivors 

(1)  Food  from  local,  regional,  and  national  inventories  or  stockpiles 

(2)  Water  for  human  consumption,  irrigation,  industry,  etc. 

(3)  Temporary  housing  for  homeless 

(4)  Clothing  and  bedding 

(3)  Fuel  for  cooking,  heating,  transport 

(6)  Electric  power  (Including  portable  and  expedient  generators) 

(7)  Medical  care  of  sick  and  injured 

(8)  Elementary  sanitation  facilities  and  services,  waste  disposal 

(9)  Government  services,  D  &  C,  public  safety  service 

(10)  Sources  of  money  and  credit 

B.  Second  Step;  restore  operation  or  availability  of 

(1)  Water  supply  and  distribution  systems 

(2)  Electrical  generating  and  distribution  systems 

(3)  Telephone  and  other  public  communications  systems 

(4)  Domestic  private  and  cotmerclal  housing 

(5)  Food  producing,  processing,  distribution,  and  retailing  systems 

(6)  Fuel  supply  sources,  processing,  and  distribution  systems 

(7)  Public  transport,  freight  transportation  equipment,  and  network 

services  and  systems 

(8)  Organized  work  task  forces;  skilled  and  unskilled  labor 

(9)  Hospital  and  nursing  home  systems  for  treatment  of  sick  and  injured 

(10)  Public  health  and  sanitation  facilities  and  services;  waste 
disposal  systems 

(11)  Past  and  vector  control 

(12)  Public  and  private  social  and  financial  services 

(mail,  schools,  churches,  banks,  retail  outlets,  service  stations, 
garages,  and  so  on) 

(13)  Welfare  services,  registration  of  survivors,  finding  next  of  kin, 
loans,  public  credit,  public  feeding,  and  so  on 

( 14)  Training  for  skilled  and  managerial  employment 
(13)  Rationing  and  resource  allocation  systems 
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Table  17  (concluded) 


C.  Third  Seep;  repair,  conscrucc  or  restore  to  operational  condition 

(1)  Agricultural  (food,  feed,  fiber,  oil)  production  capabilities 
and  facilities 

(2)  Industrial  (excluding  food  processing)  production  facilities; 

all  critical  production  output  facilities  and  supporting  industries 

(3)  Needed  additional  private  institutions  and  organizations 
(social,  commercial,  business,  financial) 

(4)  Industrial  equipment  and  tools 

(3)  Industrial  sources  of  supply;  basic  resources 

(6)  Expanded  government  functions  at  all  levels 

(7)  Additional  needed  public  and  private  housing  and  associated 
facilities 

(8)  System  of  work  incentives  for  needed  skills  in  work  force 

D.  Fourth  Step;  reconstruct,  restore,  or  operate 

(1)  All  critically  needed  industrial,  cosnerclal,  and  financial 
institutions 

(2)  An  equitable  wage  and  price  control  system  (stop  rationing 
controls) 

(3)  A  rationalizing  market  economy 

(4)  Warehousing  and  distribution  centers 

(3)  Private  transportation 

(6)  Amusement,  sports,  and  recreational  facilities 

(7)  Specialty  restaurants,  movies,  theatres,  nlte  clubs  and  so  on 
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Table  18 

GENERAL  PURPOSES  OF  SELECTED  SEQUENTIAL  POSTATTACK  RECOVERY  FUNCTIONS 


A.  First  Step;  to  assure  the  survivors  (through  salvage,  collection, 

distribution,  storage,  or  renovation): 

(1)  Food  supplies  sufficient  for  a  definite  period  In  the  Immediate 
future 

(2)  Water  supplies  sufficient  for  human  consumption,  recovery  opera¬ 
tions.  operable  industries,  sanitation,  and  Irrigation  for  a 
definite  period  In  the  Immediate  future 

(3)  Protection  from  the  environmental  elements 

(4)  Clothing  and  bedding  supplies  for  comfort  and  protection 

(3)  Energy  sources  for  cooking  food,  heating  water,  warming  housing 
areas,  and  for  transportation  of  people  and  supplies 

(6)  Adequate  temporary  and  expedient  sources  of  electrical  power 

(7)  Sufficient  medical  supplies,  facilities,  and  trained  personnel 
to  prevent  delayed  casualties,  to  cure  or  comfort  the  sick,  and 
to  rehabilitate  the  injured  (purpose:  to  convert  patients  Into 
healthy  and  useful  people) 

(8)  Sufficient  chemicals,  equipment,  and  manpower  to  provide  minimum 
requirements  of  sanitary  living  conditions,  waste  disposal  capa¬ 
bility;  prevention  of  the  proliferation  of  pests  and  vectors; 
prevention  of  epidemics  and  secondary  casualties 

(9)  Continuity  of  responsible  representative  leadership  and  a  means 
for  providing  the  direction  and  control  functions  that  are  needed 
for  conducting,  efficiently  and  in  a  logical  fashion,  the 
follow-on  recovery  casks 

(10)  Possibilities  of  a  quick  return  to  the  free  market  form  of  economic 
system;  tangible  means  to  purchase,  sell,  and  to  enter  Into 
agreements  and  contracts  for  future  business  operations  and 
enterprises 

B.  Second  Step;  to  establish,  or  restore  to  operating  condition  facilities 

and  functions  which  provide  che  needed  capacity  or  capability  for: 

(1)  Obtaining  and  distributing  water 

(2)  Generating  and  distributing  electrical  energy 

(3)  Providing  public  communications 

(4)  Housing,  sort  or  less  on  a  permanent  basis,  all  survivors 

(3)  Obtaining,  processing,  distributing,  and  retailing  foods  and  feed 

(6)  Obtaining,  processing,  distributing,  and  retailing  fuels 

(7)  Transporting  people  and  goods  from  and  to  any  placa  in  the  nation 

(8)  Providing  organized  labor  pools  for  use  in 

(a)  additional  recovery  tasks,  or 

(b)  the  postattack  operation  of  undamaged  and  repaired  cosnerclal, 
industrial,  and  social  institutions 


Table  18  (concluded) 


(9)  Providing  hospital  and  medical  care,  and  "home"  care  for  the 
aged  or  the  Infirm 

(10)  Providing  sanitation,  waste  disposal,  and  public  health  services 

(11)  Providing  control  of  pests  and  vectors 

(12)  Providing  social  and  financial  services 

(13)  Providing  welfare  services 

(14)  Providing  education,  new  skills  to  workers 

(13)  Controlling  the  prices  and  the  consumption  or  use  rate  of 
limited  resources 

Third  Step;  to  establish,  restore  to  operational  condition,  or 
construct,  facilities  with  the  needed  capacity  for: 

(1)  Producing  food,  feed,  fiber  and  oil  on  the  farm 

(2)  Producing  industrial  goods 

(3)  Providing  social,  commercial,  business,  and  financial  services 

(4)  Producing  equipment  and  tools 

(5)  Obtaining  basic  resources 

(6)  Providing  full  complement  of  governmental  services,  local, 
state  and  national 

(7)  Providing  expanded  housing,  housing  services 

(8)  Providing  incentive  and  reward  for  optimum  behavior 

Fourth  Step;  to  establish  or  to  complete  the  restoration  and  initiate 
che  operation  of  the  restored  facilities  for: 

(1)  Providing  industrial  goods,  foods,  commercial  services,  and 
financial  services 

(2)  Controlling  prices  and  wages 

(3)  Providing  a  means  for  the  eventual  return  to  a  market  economy 

(4)  Providing  warehousing  and  local  distribution  centers  for  con¬ 

sumer  goods 

(3)  Reactivating  the  privileges  of  private  transportation 

(6)  Entertaining  and  amusing  or  relaxing  the  population 

(7)  Returning  to  prewar  life-styles,  as  feasible 
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vulnerability  changes  chat  affect  casualty  production.  The  nature  and 
dimensions  of  the  listing  In  Table  18  suggests  chat  a  comparable  modeling 
of  Che  postactack  recovery  period  would  be  much  more  complex  than  chat 
which  suffices  for  consideration  of  casualty  reduction. 

Lacking  a  structural  model  comparable  to  POPDEF  and  PAM,  a  sec  of  indi¬ 
vidual  measures  ot  effectiveness  is  otterea  In  lable  ly,  In  tne  same  format 
as  Che  earlier  tables.  The  suggested  measures  ot  effectiveness  are  tormulacea 
In  terms  of  recovery  achievements  either  toward  reaching  a  predetermined 
goal  or  toward  meeting  a  survival  deadline  for  disaster.  The  latter  measure 
comes  about  because  limits  will  exist  on  the  available  amount  of  survival 
goods  relative  to  the  number  of  survivors  who  must  consume  the  goods  to  stay 
alive  and  healthy.  In  Che  earliest  part  of  the  postactack  period,  the  goal 
would  be  to  recover  as  large  a  base  as  possible  from  what  is  left  intact  for 
future  use.  There  is  no  particular  preconceived  limit  on  Che  size  of  this 
base;  in  a  heavy  attack,  the  limit  would  be  sec  by  Che  dispersed  stockpiles 
and  inventories  and  the  amount  of  useful  goods  chat  can  be  salvaged  from 
damaged  areas.  If  Che  means  to  replace  these  goods  are  not  recovered  before 
Che  stockpiles  go  to  zero,  starvation  and  ocher  deprivations  occur  and  cause 
a  second  wave  of  casualties. 

The  ocher  form  of  measure  of  effectiveness  is  used  in  Che  second  step 
of  che  recovery  scenario  and  beyond.  It  is  given  as  a  ratio  of  the  amount 
of  production  capacity  restored  (plus  Che  undamaged  capacity)  to  the  total 
production  (plus  inventory)  that  would  be  needed  to  support  che  survivors 
indefinitely;  chat  is,  to  che  point  where  the  estimated  time  to  disaster 
approaches  infinity.  Except  for  the  possible  operation  of  undamaged  plants 
and  factories  as  soon  as  feasible  in  the  postactack  period,  the  recovery 
aspects  for  industries  and  coaierclal  facilities  will  cease  when  the  value 
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Table  19 

SUGGESTED  MEASURES  OF  EFFECTIVENESS  OF  SELECTED  SEQUENTIAL 
POSTATTACK  RECOVERY  FUNCTIONS 

A.  Flrsc  Seep;  froa  consumption  race  allowances,  demand  races,  and  Che 

like  with  industry  demands,  local  invencorles  of  salvaged  goods  and 

equipment,  and  ocher  hazard  assessment  information,  evaluate: 

(1)  Change  in  the  duration  of  survival  period  utilizing  immediately 
available  (local)  food  supplies  (e.g.,  food  in  groceries  and 
warehouses,  on  local  farms) 

(2)  Change  in  the  duration  of  survival  period  utilizing  immediately 
available  (local)  water  supplies  (e.g.,  wacer  from  workable  wells, 
rivers,  undamaged  sections  of  risk  area  municipal  systems,  hosting 
area  water  systems) 

(3)  Change  in  the  ratio  of  available  housing  to  the  target  demand  for 
housing,  by  dace 

(4)  Change  in  the  ratio  of  available  supplies  of  clothing  and  bedding 
to  the  demand  for  these  items,  by  date 

(5)  Change  in  the  duration  of  survival  period  utilizing  issnedlately 
available  (local)  fuel  supplies,  distributed  among  various  users 
and  target  demands  by  type  of  fuel 

(6)  Change  in  the  ratio  of  available  electric  power  from  undamaged 
and  expedient  sources  to  postattack  target  demand  for  power 
(emergency  levels) 

(7)  Change  in  the  duration  of  survival  period  utilizing  ianediately 
available  local  supplies  for  pharmaceuticals,  hospitals,  staffs; 
Increase  in  the  number  of  persons  added  to  healthy  population  and 
work  force,  by  date;  number  of  cases  of  co«unlcable  diseases  cured 
and  the  estimated  frequency  of  cases  of  preventing  epidemics, 

by  date 

(8)  Change  in  the  duration  of  survival  period  utilizing  immediately 
available  sanitation  and  waste  disposal  equipment  and  supplies 
(including  pest  and  vector  control  materials) 

(9)  Change  in  the  ratio  of  governmental  personnel  to  the  target  demand 
for  services  by  service  provided,  including  elected  officials 

(10)  Increase  in  the  ratio  of  number  of  banks  and  other  credit  insti¬ 
tutions  in  operation  by  date,  and  their  funding  capacities  to 
the  target  demand  for  funds  and  credit;  Increase  in  the  volume  of 
product  or  cash  flow  by  4-dlgit  SIC  code  sectors  (Industry,  finan¬ 
cial,  retail,  wholesale,  and  so  on);  Increase  in  the  ratio  of  wages 
paid  for  labor  on  recovery  operations,  or  on  output  production  and 
other  econometric  employment,  to  cost  of  survival  goods  (l.e.,  cost 
of-survlval) 
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Table  19  (continued) 


Second  Seep;  measures  related  to  undamaged  plus  repaired  capacities: 

(1)  Ratio  of  distributed  potable  water  supply  capacity  to  the  target 
demand  for  water 

(2)  Ratio  of  distributed  electric  power  supply  capacity  to  the 
target  demand  for  electricity' 

(3)  Ratio  of  operating  communication  modes  and  links  (or  messages 
transmitted  per  day)  to  the  target  demand  for  communications 

(4)  Ratio  of  available  houses  or  housing  space  to  the  target  demand 
for  houses  or  housing  space 

(5)  Ratio  of  available  food  and  feed  sector  volume  capacities  to  the 
target  demand  for  processed  food  (processing,  wholesaling, 
distributing,  retailing) 

(6)  Ratio  of  available  fuel  production  and  distribution  capacities 
to  the  target  demand  for  fuel 

(7)  Ratio  of  available  transport  capacities  to  the  target  demand 
for  transportation  (passenger,  freight,  by  modes) 

(8)  Ratio  of  dally  manpower  effort  on  recovery  tasks  to  the  total 
manpower  available;  ratio  of  dally  manpower  effort  on  commercial, 
industrial,  social  tasks  associated  with  operating  facilities 

(9)  Ratio  of  available  load-capacity  of  hospitals,  clinics,  and 
ocher  medical  care  and  social  institutions  to  the  target  demand 
for  medical  care 

(10)  Ratio  of  available  capacities  of  sanitation,  waste  disposal, 
and  public  health  facilities  and  services  to  the  target  demand 
for  the  services 

(11)  Ratio  of  availabla  capacities  to  effect  control  of  pests  and 
vectors  to  the  target  demand  for  the  services 

(12)  Ratio  of  available  capacities  for  common  services  to  the  target 
demand  for  such  servlcas 

(13)  Increasa  In  Che  number  of  survivors  provided  welfare  service 
by  type,  by  dace 

(14)  Ratio  of  capacity  of  operating  training  institutions  to  the 
target  demand  for  new  skills 

(13)  Inflation  rates,  disappearance  race  of  scarce  resources, 
unemployment  races,  percent  of  families  on  relief  rolls 
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Table  19  (concluded) 


C.  Third  Step;  ratio  of  available  repaired,  constructed,  and  undamaged 

capacities  to  the  target  demand  for: 

(1)  The  production  of  food,  feed,  fiber,  and  oil  seeds  on  farm 

(2)  The  production  of  Industrial  (consumable)  goods 

(3)  (New  construction  of)  common  service  facilities 

(4)  The  production  of  equipment  and  tools 

(5)  Basic  resources 

(6)  Governmental  services  (personnel  and  facilities) 

(7)  (New  construction  of)  housing  and  housing  services 

(8)  Number  of  awards  or  pay  increases  made  by  date 

D.  Fourth  Step 

(1)  Ratio  of  current  output  rates  of  Industrial  goods,  foods, 
utilities,  fuels,  and  the  various  services  to  the  target 
demand  for  these  outputs 

(2)  Deviation  of  prices  and  wages  from  target  values 

(3)  Fraction  of  market  goods  and  services  eliminated  from  price 
and  wage  controls 

(4)  Ratio  of  available  warehousing  space  and  distribution  center 
capacities  to  the  target  demand  for  these  facilities 

(5)  Ratio  of  number  of  operating  private  automobiles  to  target 
allowance  for  private  automobiles,  motorcycles,  and  so  on 

(6)  Ratio  of  capacities  of  amusement  and  similar  facilities  to 
the  target  demand  for  them 

(7)  Added  number  of  leisure-time  facilities  operating,  by  type, 
by  date 
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of  Che  ratio  becomes  unity.  3och  of  the  postattack  measure-of-ef f ectiveness 
forms  are  directly  related  to  the  total  number  of  people  who  survive,  which, 
in  turn,  depends  on  the  effectiveness  of  the  system  elements  that  contribute 
Co  casualty  reduction. 

Reduction  of  Long-Term  Radiation  Effects 

The  long-term  effects  of  radiation  injury  cake  the  form  of  statistical 
increases  in  the  incidence  of  late-appearing  cancers,  leukemia  and  ocher 
disorders,  and  general  life-shortening.  The  time  scale  of  these  effects  is 
such  that  they  have  little  direct  connection  with  the  postactack  recovery 
process  outlined  above;  chat  is,  they  appear  much  later  in  what  are  otherwise 
uninjured  healthy  survivors.  Similarly,  the  genetic  etfects  of  radiation 
injury  appear  in  a  statistical  sense  in  subsequent  generations. 

The  relative  incidence  of  long-term  and  genetic  radiation  Injury  effects 
are  generally  considered  to  be  proportional  to  the  total  exposure  of  a 
population  in  a  statistical  sense.  Therefore,  all  actions  and  measures  that 
contribute  to  decreasing  the  total  exposure  of  people  also  contribute  to  the 
reduction  of  Che  long-term  and  genetic  radiation  injury  of  the  population. 
Shielding  provided  by  good  fallout  shelter  is  the  main  method  of  protecting 
against  both  short-term  casualties  and  long-term  radiation  effects.  Additionally, 
RADEF  support  chat  permits  best  use  of  the  shelter  potential,  water  and 
ventilation  provisions  that  avoid  premature  shelter  leaving,  and  remedial 
radiological  measures  also  contribute  to  both  measures.  However,  Che  reduction 
of  long-term  and  genetic  ridlatlon  injury  poses  more  severe  requirements  chan 
Che  avoidance  of  fatalities  and  short-term  radiation  sickness.  For  example, 

Che  existence  of  high-grade  radiological  shelter,  such  as  shelter  categories 
"A”  and  "B/C",  plays  an  Important  role  in  the  reduction  of  long-term  effects 
and  genetic  damage  although  it  does  not  contribute  as  much  to  the  casualty 
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reduction  measure  of  ef fecciveness  for  the  persons  located  in  the  "excessively 
good"  shelter.  Similarly,  adopting  a  fallout  protective  posture  that  raises 
the  rated  protection  factor  of  the  3/C  shelter  from  500  to  875  has  little 
impact  on  casualty  reduction  but  can  have  a  substantial  effect  on  reduction 
of  the  total  population  exposure. 

Some  activities  in  c}ie  defense  scenario  that  require  out-of-sheiter 
operations  in  a  fallout  area  <fire  fighting,  rescuing,  decontaminating,  and 
Che  like)  will  Increase  the  exposure  of  the  persons  that  are  involved  in 
chese  operations.  Certain  effects,  such  as  genetic  injury,  can  be  avoided 
if  persons  beyond  normal  reproductive  ages  perform  these  tasks.  Otherwise, 
rigorous  exposure  control  measures  during  outside  operations  can  avoid  prompt 
casualties  and  Che  operations  may  contribute  to  reduction  of  long-term  effects 
if  the  bulk  of  the  population  is  allowed  to  remain  sheltered. 

A  practical  difficulty  in  applying  this  measure  of  effectiveness  to  DCPA 

program  design  and  evaluation  is  that  long-term  and  genetic  radiation  injury 

is  releced  to  Che  total  radiation  exposure  whereas  the  TENOS  model  and  hence. 

POPDEF  are  based  on  an  attack  environment  model  chat  computes  ERD.  The 

entire  computational  procedure  would  have  to  be  restructured  to  produce  total 

exposures  in  lieu  of  ERD.  Techniques  exist  for  tracing  the  radiation  exposure 

9  10 

of  population  groups  ’  and  no  Insurmountable  difficulties  are  in  prospect, 
but  the  computational  program  would  be  quite  distinct  from  the  current  DCPA 
models . 

A  more  fundamental  problem  la  that  Che  objective  of  minimizing  long-term 
and  genetic  radiation  effects  runs  counter  to  the  objective  of  the  other  sug¬ 
gested  measures  of  effectiveness,  especially  that  of  improvement  of  industrial 
and  economic  recovery  rates.  The  same  "excessively  good"  shelters  that  could 
contribute  to  reduction  of  long-term  effects  would  permit  both  earlier  and 
longer  periods  of  outside  operation  during  the  early  period  following  attack. 


% 


Actually,  the  tine  that  can  be  spent  out  of  shelter  increases  rougnly  in 
proportion  to  the  amount  that  the  shelter  PF  exceeds  the  minimum  PF  required 
to  prevent  casualties  or  some  other  radiological  response  of  the  occupants. 

The  advantage  of  this  possibility  is  earlier  restoration  of  vital  facilities, 
earlier  production  of  essential  survival  supplies,  and  the  like. 

Under  proper  control  within  the  designated  exposure  limits  for  no  acute 
effects  of  radiation,"'*  use  of  all  the  allowed  exposure  by  planned  outside 
operations  would  lead  to  long-term  radiation  effects  as  anticipated  for  anyone 
receiving  the  exposure  either  as  an  occupant  of  a  marginal  shelter  or  as  an 
occupant  of  a  high-grade  shelter  with  controlled  additional  exposure  from 
outside  operations.  But,  since  the  latter  would  be  controlled  exposures,  the 
number,  age,  sex,  and  skills  of  the  workers  could  be  Judiciously  selected, 
relative  to  survival  needs,  to  produce  a  minimum  Impact  on  later  recovery 
operations  and  medical  problems.  Nonetheless,  the  objective  of  keeping  the 
total  exposure  of  all  the  survivors  as  low  as  possible  will  often  be  counter 
to  chat  of  continued  survival  and  recovery  of  society  as  a  whole.  Thus,  one 
of  the  main  tasks  of  leadership  (D&C)  would  be  to  make  decisions  regarding  the 
relative  risks  to  be  taken  among  competing  objectives.  The  same  decisions 
must  be  addressed  in  the  design  and  evaluation  of  civil  defense  programs. 

Other  Measures  of  Effectiveness 

In  a  real  sense,  the  objectives  of  postattack  control  of  disease  and 
disability  and  of  maximum  postattack  availability  of  Che  work  force  are 
subsumed  within  Che  objective  of  societal  recovery,  as  can  be  seen  from  a 
survey  of  Table  19.  Perhaps  the  largest  factor  affecting  industrial  and 
economic  recovery  rates  is  the  available  work  force  to  assign  to  Che  tasks. 

The  ocher  major  factors  are  Che  residual  capacities  surviving  as  affected  by 
preattack  blast  and  thermal  hardening  techniques  and  dispersal  of  inventories, 
equipment,  and  plants  to  hosting  areas.  These,  besides  Che  form  of  attack, 
will  determine  the  base  from  which  to  complete  Che  necessary  recovery  effort. 
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In  turn,  all  elements  chat  operate  to  reduce  casualties  also  operate 
to  Increase  the  work  force.  Also  Included  are  chose  measures  chftt  pi  event 
or  cure  postattack  illness,  keep  the  survivors  housed,  fed,  end  healthy, 
and  chat  provide  Che  means  to  remain  so  indefinitely.  System  elements 
dealing  with  postattack  diseases  and  injuries  tend  to  include  a  range  of 
measures:  maximizing  the  number  of  healthy  survivors  relative  to  the  sick 

and  injured;  enlarging  the  capabilities  for  treating  more  people  and  re¬ 
turning  them  to  a  healthy  status  as  rapidly  as  possible;  and  doing  vhac 
is  necessary  to  prevent  the  spread  of  contagious  diseases. 

Thus,  all  of  the  preparedness  elements  outlined  in  Appendix  A  Chat 
contribute  to  Che  reduction  of  casualties  also  contribute  to  broader  measures 
of  effectiveness  and  are  only  partially  evaluated  by  their  contribution  to 
the  reduction  of  casualties.  Moreover,  many  attributes  of  these  elements 
may  contribute  more  to  the  broader  measures  than  they  do  to  casualty  reduction. 
Some  examples  have  been  alluded  to:  high-grade  fallout  shelter,  availability 
of  water  and  ventilation,  decontamination,  and  survlvable  D4C  among  others. 

At  Che  same  time,  a  number  of  system  elements  Included  in  Appendix  A  are 
found  not  to  contribute  to  casualty  reduction,  at  least  at  Che  current  stage 
of  development  of  PAM  and  POPDEF.  These  include  not  only  Che  obvious  measures 
to  protect  industry  and  agriculture  and  the  medical  care  measures  discussed  in 
Section  III  but  also  such  elements  as  food  and  medical  stocks  (SM  and  SN), 
public  health  measures  to  control  disease  and  vectors  (MC  and  MD),  and  certain 
resource  service  functions,  such  as  supplying  goods  (RS)  and  repairing 
facilities  (RI).  Although  sane  of  these  elements  may  be  found  to  contribute 
in  some  way  to  casualty  reduction,  it  is  likely  chat  most  of  them  must  be 
justified  by  appealing  to  a  broader  measure  of  svstem  effectiveness. 
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The  practical  diff icolties  In  adopting  these  broad  measures  of 
effectiveness  as  a  basis  for  civil  defense  prograc  design  and  evaluation 
are  considerable.  The  sere  listing  of  the  individual  measures  of  ef f ectiveness 
in  Table  19  reveals  the  need  for  a  host  of  analytical  procedures,  models,  and 
techniques  for  making  the  suggested  evaluations.  The  listing  also  suggests 
that  many  additional  outputs  would  be  required  from  the  damage  assessment 
system  and  that  the  required  data  bases  for  such  assessments  may  be  limited 
or  non-existent.  Of  course,  similar  limitations  of  knowledge  and  data  exist 
for  POPDEF  and  PAM  as  they  are  currently  constituted.  Yet  the  model 
formulation  appears  useful  not  only  as  a  tool  for  civil  defense  program 
analysis  but  also  as  a  tool  for  assessing  technical  and  operational  knowledge 
and  data  and  for  defining  in  an  operational  context  the  nature  of  research 
and  data  collection  needed  for  this  kino  of  analysis.  The  latter  use  is 
likely  to  be  a  beneficial  result  of  attempts  to  extend  the  analysis  to  Include 
other  measures  of  system  effectiveness. 

It  would  appear  useful  to  consider  the  matter  of  Industrial  and  economic 
recovery  rates  s epMrscely  from  the  matters  of  postattack  control  of  disease 
and  disability  and  availability  of  the  work  force.  The  latter  seem  to  lend 
themselves  to  an  analytical  approach  based  on  an  extension  of  the  POPDEF 
defense  scenario  into  the  postattack  period,  with  corresponding  expansion  of 
the  Program  Analysis  Model  to  generate  estimates  of  the  needed  additional 
input  parameters.  The  calculation  would  continue  to  trace  the  fate  of 
uninjured  and  Injured  survivors  through  all  or  most  of  steps  1  and  2  of 
Table  17.  Societal  recovery,  on  the  ocher  hand,  has  been  found  to  demand  the 
use  of  ocher  techniques.  Including  input-output  and  linear  programming  models 
of  supply,  demand,  consumption,  and  investment  relationships.  A  full 
assessment  of  civil  defense  programs  as  measured  by  recovery  races  is  likely 
to  result  from  interfacing  the  population  survival  aspects  with  the  best  of 
Che  economic  recovery  models. 


VII.  SUMMARY  AND  RECOMMENDATIONS 


Summary 

A  methodology  has  been  developed  for  estimating  Che  individual  and 
combined  effectiveness  of  the  important  elements  of  the  civil  defense 
operating  system  and  the  corresponding  elements  of  the  preparedness  program, 
as  measured  by  population  survival.  All  system  elements  that  contribute  to 
the  reduction  of  casualties  in  a  significant  way  have  been  incorporated  in 
the  analysis  and  implemented,  with  the  exception  of  medical  care,  which  could 
be  implemented  if  the  necessary  input  data  were  available.  The  methodology 
consists  of  two  related  models  of  civil  defense  activities:  the  Population 
Defense  Model  (POPDEF) ,  which  assesses  fatalities  and  injuries  under  nuclear 
attack,  and  the  Program  Analysis  Model  (PAM),  which  uses  data  and  estimates 
of  the  product  of  specific  program  elements  to  generate  most  of  the  Inputs  to 
POPDEF.  The  use  of  other  measures  of  effectiveness  nas  been  explored. 

The  Population  Defense  Model  has  been  Implemented  at  the  DCPA  Computer 
Center  and  used  to  estimate  the  casualties  associated  with  three  potential 
civil  defense  programs  under  three  hypothetical  nuclear  attacks.  POPDEF 
employs  a  defense  scenario  technique  to  model  changes  in  the  vulnerability 
of  the  population  and  to  assess  cssualties.  It  operates  on  three  regions  — 

Risk,  Host,  and  Neither  —  using  data  provided  by  the  TENOS  model. 

The  Program  Analysis  Model  identifies  relationships  among  elements  of 
civil  defense  end  defines  paths  through  chase  relationships  along  which 
quantitative  descriptions  of  the  preparedness  program  can  be  translated  into 
estimates  of  the  POPDEF  input  parameters.  To  provlda  a  structure  for  PAM, 
civil  defense  program  elements  have  been  organized  and  defined.  Relationships 
among  these  elements  are  defined  by  means  of  a  systems  algebra.  The  result  Is 
a  sec  of  system  trees  in  which  quantitative  estimates  of  the  product  of 
preparedness  program  elements  can  be  used  to  generate  estimates  of  key  POPDEF 
input  parameters.  The  two  models  together  allow  a  detailed  program  description 
and  changes  in  any  of  its  elements  to  be  reflected  in  terms  of  casualty  reduction. 
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Example  calculational  results  are  presented  In  Table  20  for  three 
programs  and  three  hypothetical  attacks.  The  programs  are  Program  D  Prime, 
a  program  that  maintains  the  current  civil  defense  capability,  and  a  program 
that  adds  to  current  capability  only  a  crisis  relocation  planning  effort. 

Of  the  three  attacks,  the  first  tvo  are  major  attacks  aimed  at  military  and 
urban- Indus trial  targets.  The  third.  Attack  C,  is  a  heavy  attack  that  adds 
a  popular  ion-oriented  attack  against  relocation  concentrations.  The  PAM  and 
POPDEF  estimates  used  in  these  calculations  were  estimated  by  the  DCPA 
professional  staff. 

The  exploration  of  the  application  of  measures  of  effectiveness  other 
than  casualty  reduction  suggests  that  the  effect  is  to  extend  the  consideration 
of  countermeasures  and  hence,  the  defense  scenario  into  the  postattack  or 

recovery  period.  In  lieu  of  such  extension,  the  analysis  concludes  that  it 
would  be  desirable  to  evaluate  candidate  civil  defense  programs  on  the  basis 
of  uninjured  survivors  and  their  ratio  to  the  injured. 

Recoiendat  ions 

Based  on  the  work  performed  under  Contract  No.  DCPA01-77-C-0223,  the 
following  recommendations  are  made: 

1.  The  Population  Defense  Model  (POPDEF)  now  implemented  at  the  DCPA 
Computer  Center  should  be  adopted  as  the  Interim  method  of  casualty  assessment 
for  program  evaluation  and  other  studies. 

2.  Research  should  be  undertaken  to  derive  appropriate  fatality 
functions  that  could  be  used  to  represent  the  effect  of  various  levels  of 
medical  care,  thus  permitting  lta  inclusion  in  the  defense  scenario. 

3.  In  program  evaluation  and  design,  emphasis  should  be  placed  on 
the  number  of  uninjured  survivors  and  their  ratio  to  the  Injured  rather  than 
on  total  survivors,  so  as  to  maximise  the  contribution  of  population 
preparedness  to  societal  recovery. 
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Table  20 

EXAMPLE  ASSESSMENT  RESULTS* 


Program 

Attack  A 

Attack  B 

Attack  C 

0  Prime 

Percent  Survivors 

87? 

74? 

57? 

Percent  Uninjured 

Survivors 

80 

63 

45 

Current  Capability 

Percent  Survivors 

52 

39 

25 

Percent  Uninjured 

Survivors 

38 

25 

16 

Current  Capability  Plus 
Relocation  Plans  Only 

Percent  Survivors  60  46  31 

Percent  Uninjured  Survivors  47?  31 X  21? 

*  All  values  in  terms  of  percent  of  the  U.S.  population. 


4.  The  Program  Analysis  Model  (PAM)  contained  In  Appendix  B  should 

be  reviewed  and  adopted  as  the  interim  method  for  assessing  the  contribution 
of  program  elements  to  casualty  reduction. 

5.  The  system  clement  structure  exhibited  in  Table  9  and  defined  in 
Appendix  A  should  be  reviewed  and  adopted  as  a  basis  for  program  analysis 
in  conjunction  with  the  Program  Analysis  Model.  This  structure  should  be 
considered  as  a  basis  for  program  description  and  costing. 

6.  The  Program  Analysis  Model,  the  Population  Defense  Model,  and  the 
supporting  elements  of  the  TENOS  model  should  be  considered  for  use  as  a 
tool  in  defining  research  needs  and  data-gatherlng  requirements.  Sensitivity 
analyses  should  be  accomplished  in  connection  with  this  use  to  aid  in 
establishing  priorities. 

7.  The  methodology  should  be  considered  for  use  in  defining  the 
required  content  of  plans  and  exercises,  training,  and  emergency  public 
information  materials,  as  well  aa  for  use  in  orienting  and  training 
civil  defense  officials  in  civil  defense  management  and  direction  and 
control  functions. 

8.  A  formal  procedure  should  be  developed  for  periodic  review  and 
upgrading  of  all  aspects  of  the  program  evaluation  and  design  methodology. 
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ELEMENTS  OF  CIVIL  DEFENSE 

In  developing  che  structure  of  the  Program  Analvsls  Model  (PAM), 
considerable  difficulty  was  experienced  In  attempting  to  maintain  the 
traditional  differences  between  the  preparedness  system  and  the  operating 
system.  Therefore,  the  two  were  combined  and  a  new  structure  suited  to 
Che  needs  of  PAM  was  developed. 

For  this  the  civil  defense  program  is  defined  in  two  ways: 

e  Program  Activities:  the  ways  in  which  funds  are  expended 

in  achieving  che  desired  operating  capabilities:  planning, 
procurement,  and  staffing. 

e  Program  Elements:  the  categories  of  preparedness  programming  — 
Radiological  Defense,  Emergency  Public  Information,  etc.  -- 
that  produce  operating  capabilities  for  che  operating  system. 

These  are  as  two  sides  of  the  same  coin.  The  elements  describe  what 
is  to  be  obtained  or  achieved  by  che  preparedness  program.  The  activities 
describe  what  is  to  be  done  in  the  preparedness  program  elements  to  accomplish 
their  purposes.  Thus,  each  program  element  contains  one  or  more  of  the 
program  activities. 

Program  Activities 

Each  countermeasure  in  civil  defense  operations  is  accomplished  by  a  part 
of  che  operating  system  chat  is  in  itself  a  system;  i.e.,  a  group  of  related 
things  functioning  together  under  control  to  produce  a  desired  result.  Each 
alternative  preparedness  program  is  dedicated  to  achieving  a  desired  operating 
capability  for  selected  countermeasure  systems  and  for  combinations  of  them. 


AH  of  Che  systems  required  for  Che  countermeasures  chac  conscicuce  civil 
defense  operacions  muse  have  boch  hardware  and  personnel.  Thac  is,  (1)  none 
of  Che  countermeasures  can  be  accomplished  solely  by  human  accivlcy,  and  (2) 
none  of  Che  councermeasure  svscems  can  funccion  without  human  intervention. 
Therefore,  each  oust  have  the  following: 


a. 

Hardware : 

facilities,  equipment,  and  materials. 

b. 

Personnel : 

people  trained  to  perform  system  operacions  under 
system  direction  and  control. 

c . 

Services : 

operacions  performed  for  civil  defense  by  others 
who  are  not  part  of  the  civil  defense  system. 

In  order  chac  these  things  may  funccion  cogeCher  co  produce  che  desired 
result,  each  operating  system  oust  also  have: 

d.  Operations  Plans:  specifications  of  how  the  hardware,  personnel, 

and  services  are  related  (organization  and 
staffing)  and  how  they  funccion  together  and 
are  directed  and  controlled  (procedures). 

To  produce  the  desired  operating  capability,  che  preparedness  system 
oust  have  a  functional  capability  of  its  own  and  this  in  turn  requires 
hardware,  personnel,  services,  and  operations  plans  Just  as  che  operating 
system  does.  Sometimes  che  cost  of  these  things  can  be  identified  with  a 
particular  program  element  and  in  such  case  che  preparedness  system  item 
description  is  included  with  che  operating  system  item.  When  the  preparedness 
system  costs  cannot  be  specifically  Identified  with  one  operating  system  item, 
they  are  Included  in  the  Program  Management  program  element. 

It  follows,  then,  chac  a  complete  description  of  each  program  element  should 
address  each  of  the  following  activities  either  by  specific  description  of 
what  is  Included  or  by  specific  exclusion. 


1.  Planning :  of  two  kinds: 


a.  Program:  study,  design,  evaluation  of  alternatives,  and 
preparation  of  action  documents  for  such  preparedness  actions  as  budgets, 
schedules,  and  so  on. 

b.  Emergency  Operations:  study,  design,  evaluation  of  alternatives, 
preparation,  and  publication  of  emergency  operations  plans  including  organization, 
staffing,  and  information  plans,  and  standing  operating  procedures. 

2.  Procurement :  of  hardware  and  services,  either  through  the  expenditure 
of  funds  or  through  the  concluding  of  arrangements  for  the  purpose  without  an 
expenditure  of  funds. 

a.  Facilities:  preliminary  study,  design,  construction,  alteration, 
and  maintenance  of  buildings  and  other  structures,  including  the  installation  of 
mechanical  and  electrical  equipment  necessary  for  use  of  the  facility  for  its 
intended  purpose  but  not  for  the  processes  to  be  conducted  in  the  facility. 

b.  Equipment :  design,  purchase,  transportation,  storage, 
installation,  testing,  and  maintenance  of  non-expendable  equipment  necessary 
for  the  conduct  of  processes. 

c.  Materials:  design,  purchase,  transportation,  storage,  final 
delivery,  and  maintenance  of  expendable  goods  including  data. 

d.  Services :  design,  purchase,  and  testing  of  services. 

3.  Staffing:  of  two  kinds: 

a.  Recruiting:  enrolling  of  people  for  emergency  operating  staffs 
including  payment  of  salaries  or  honoraria  to  such  people  as  inducements  to 
remain  enrolled. 

b.  Training:  course  Instruction  of  individuals  for  positions  in 
emergency  operating  staffs  and  of  instructors  for  them;  exercise  of  staffs  in 
emergency  operations  for  training;  and  preparation  and  publication  of  course 
and  exercise  materials. 

For  convenience  of  reference.  Table  9  of  the  report  is  reproduced  here 
as  Table  A-l,  followed  by  the  definitions  of  the  elements. 


SYSTEM  ELEMENT  STRUCTURE  EOR  PROGRAM  ANALYSIS  MODEL 


Major  Element 


Subordinate  Elements 


Element  C*'de 


Shelter 


Crisis  Relocation 
Planning  (CRP) 


Warning 


Survey 

SA 

Marking 

SB 

Planning 

- 

Community  Shelter 

SC 

Crlals  Relocation  Shelter 

SD 

Shelter  Production 

SE 

Production 

- 

Single  Purpose 

SF 

Slant lng 

SC 

Upgrading 

SH 

Expedient 

SI 

Ventilation 

SJ 

Stocking 

- 

Water 

SK 

Sanitation 

SL 

Food 

SM 

Medical 

SN 

Communications 

SR 

Public  (ESS) 

SO 

System 

SP 

Relocation  Movement 

XA 

Reception  and  Care 

XB 

Revising  Supply  Channels 

XC 

Commuting  Essential  Workers 

XD 

Increased  Capability 

- 

National  System 

AC 

Alerting 

AA 

Informing 

AS 

Local  System 

AF 

Alerting 

AD 

Informing 

AE 

Reduced  Delay 

- 

National  System 

AI 

Alerting 

AC 

Informing 

AH 

Local  System 

AL 

Alerting 

AJ 

Informing 

AK 

Table  A-l (Continued ) 


Major  Element 

Radiological  Defense 
( RADEF) 


Emergency  Public 
Information  (EPI1 


Emergency  Services 
Fire  Service 


Medical  Service 


Subordinate  Elements 

Shelter  RADEF 
Instruments 
Monitors 

Self-Help  RADEF 
Instruments 
Monitors 

Area  RADEF 

Instruments 
Monitors 
RADEF  Officers 

Information  Preparations 
Self-Help 
Warning 
Relocat ion 
Shelter 

Broadcast  Station  Protection 


Public  Preparedness 
Self-Help 
Warning 
Relocat ion 
Shelter 

Fire  Prevention 
Self-Help 
Fire  Service 

Fire  Suppression 

Rescue 

Inform  D4C 

Public  Health 

Self-Help  Sanitation 
Medical  Service  Sanitation 
Controlling  Disease 
Controlling  Vectors 

Medical  Care 
Transporting 
Self-Help  First  Aid 
Service  First  Aid 
Facility  Treatment 

Inform  D4C 


Element  Coue 

US 

'JA 

t’B 

UH 

VC 

UD 

UW 

UE 

UF 

uc 


LA 

IB 

IC 

ID 

IE 


FA 

FB 

FC 

FD 

FE 

FF 

FG 

FH 

FI 


MA 

MB 

MC 

MD 

ME 

MF 

MG 

MH 

MI 


Table  A-l  (Continued) 


Major  Element  Subordinate  Elements  Element  Code 

Police  Service  Public  Preparedness 

Self-Help 
Warning 
Relocat ion 
Shelter 

Maintaining  Order 
Facilities 
Relocation  Traffic 
Movement  to  Shelter 
Remedial  Movement. 

Suppressing  Crime 

Controlling  Access 
Controlling  Criminals 
Warning 
Inform  D&C 

Warden  Service  Public  Preparedness 

Self-Help 
Warning 
Relocation 
Shelter 

Managing  Movement 
Relocation 
To  Shelter 

Reaed ial 

Shelter-Based  Operations 
Fire  Fighting 

Rescue 

Remedial  Movement 
Managing  Shaltara 

Public  Information 
Improve  Blaat  Posture 
Improve  Fallout  Poatura 
Oparate  Ventilation 
Control  Watar  Use 
Shelter  RADEF 
Sanitation 
Medical  Cara 
Feeding 

Recaption  and  Cara 
Lodging 
Feeding 

Welfare  Services 
Warning 
Inform  D&C 
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Resource  Service 


Protect  Industry 


Protect  Agriculture 


Direction  end  Control 
Federal  D4C 


Supply 

Revising  Supply  Channels 
Supplying  Goods 
Transport  tng 

Relocation  of  People 
Consnut  lng  Workers 
Remedial  Movement 
Goods 
Facillt les 

Establishing 

Operating 

Maintaining  &  Repairing 
Clearing  Debris 
Roads 
Build ings 
Decontaminating 
Buildings 
Terrain 
Inform  D&C 

Hardening 

Facilities 
Equipment 
Inventories 
Emergency  Shut  Down 
Fee  Hit  les 
Processes 

Public  Preparedness 
Self-Help 
Shelter 

Protect  Livestock 
Protection 
Feeding 
Protect  Crops 

Protect  Seed  Stock 
Decontaalnat ion 

Support  State  and  Local 
Goods 
Services 
Information 
Informing  tha  Public 
Warning  the  Public 
Alerting 
Informing 
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Maior  Element 
S Cats  Die 


Local  DiC 


Research  and 
Development 

Federal  Program 
Management 


Table  A-l  (Continued) 


Suborn  mate  Element  a 

Support  Local 
Goods 
Services 

Information 
Inform  Federal 

Public  Preparedness 
Self-Help 
'Warning 
Relocation 
Shelter 

Warning  the  Public 
Alerting 
Informing 

Informing  the  Public 
Informing  the  Svstem 
State 

Fire  Service 
Medical  Service 
Police  Service 
Warden  Service 
Resource  Service 


Element  Code 


DH 

DI 

0J 

DK 


DL 

DM 

DN 

DO 

DR 

DP 

DQ 

DS 

DZ 

DT 

DU 

DV 

DW 

DX 

DY 

KA 


Planning 

• 

Program 

HA 

Operational 

HB 

Procurement 

• 

Facilities 

HC 

Equipment 

HD 

Mater lals 

HE 

Services 

HF 

Staffing 

- 

Recruiting 

HC 

Course  Instruction 

HH 

Organization  Exercise 

HI 

Supporting  State  and  Local 

• 

Funds 

HJ 

Aaalstance 

KK 

Information 

HL 

Administration 

HM 
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Table  A-l  (Concluded) 


Major  Element 

State  Program 
Management 


Local  Program 
Management 


Subordinate  Element 

Planning 
Program 
Operational 
Procurement 
Facilities 
Equipment 
Mater  lals 
Services 
Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Supporting  Local 
Funds 

Assistance 
Information 
Inform  Federal 
Administration 

Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Inform  State 
Administration 


Element  Code 


NA 

NB 


NC 

ND 

NE 

NF 


NC 

NH 

NI 


NJ 

NK 

NL 

NM 

NN 


PA 

PB 

PC 

PD 

PE 

PF 

PC 

PH 

PI 

PJ 

PK 
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Program  Elements 

The  definitions  given  below  relate  to  the  headings  in  Table  A-i.  The 
complete  description  of  each  of  these  elements  would  contain  references  to 
all  of  the  program  activities  defined  above,  specifying  chose  chat  require 
action  and  specifically  excluding  chose  that  do  not. 


SHELTER 

Providing  capabilities  to  (1)  shield  people  against  attack  effects, 
(2)  maintain  a  viable  environment  for  occupants  of  the  shelters,  and  (3) 
conduct  such  in-shelter  operations  as  will  minimize  the  effects  of  attack 
on  these  occupants,  including  the  following  subordinate  elemencs: 


Shelter  Survey  -  SA:  Examining  the  physical  characteristics  of  existing 
facilities,  comparing  these  character lstlcs  to  established  standards,  and 
determining  (1)  their  suitability  for  use  as  shelter  and  (2)  their  capacities 
in  allowable  number  of  occupants,  all  as  a  basis  for  shelter  planning. 

Shelter  Marking  -  SB:  Identifying  the  facilities  and  the  public  shelter 
spaces  within  them,  as  selected  in  shelter  planning,  in  order  to  expedite 
the  entering  of  shelter  when  the  need  arises. 


Shelter  Planning:  Providing  plans  (both  program  and  operations)  for  achieving 
a  capability  to  protect  people  in  shelter  by  (1)  selecting  existing  facilities 
for  use  as  shelter  and  (2)  providing  other  facilities  for  use  as  shelter, 
including  the  following  types  of  planning: 

Community  Shelter  -  SC:  Preparing  plans  for  providing  shelter  facilities 
in  the  near  vicinity  of  the  normal  locations  of  the  population  by  specifying 
(1)  the  existing  facilities  to  be  used,  (2)  the  types  and  locations  of 
additional  facilities  to  be  procured  or  produced,  and  (3)  the  allocation  of 
population  to  shelters  as  a  basis  for  operations  plans  and  emergency  public 
information. 
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Crisis  Relocation  Shelter  -  SD:  Preparing  plans  for  providing  shelter 
facilities  in  areas  to  which  people  would  be  relocated  in  a  crisis  by 
specifying  (1)  the  existing  facilities  to  be  used,  (2)  the  types  and  locations 
of  additional  facilities  to  be  procured  or  produced,  and  (3)  allocation  of 
population  to  shelter  as  a  basis  for  operations  plans  and  emergency  public 
information. 

Shelter  Production  -  SE:  Preparing  plans  for  procuring  or  producing 
additional  shelter  facilities  including  (1)  establishing  standards,  (2) 
preparing  typical  construction  plans  and  specifications,  (3)  specifying 
types  of  shelters  to  be  procured  or  produced  and  their  locations,  and  (4) 
preparation  of  plans  for  procuring  the  specified  facilities  by  whatever  means 
are  appropriate. 

Shelter  Production:  Procuring  the  additional  facilities  specified  in  Shelter 
Production  Planning  (SE)  in  the  following  ways: 

Single  Purpose  Shelter  -  SF:  Preparing  plans  and  specifications  and 
constructing  facilities  for  the  sole  purpose  of  using  them  as  shelters. 

Shelter  Slanting  -  SC:  Modifying  the  plans  and/or  specifications 
of  facilities  to  be  constructed  for  ocher  purposes  and  procuring  the 
construction  of  these  facilities  in  accordance  with  the  modified  plans  and/or 
specifications  in  order  to  render  them,  in  whole  or  in  part,  suitable  for  use 

as  shelters. 

Shelter  Upgrading  -  SH:  Preparing  plans  and  specifications  and 
constructing  alterations  to  existing  facilities  so  as  to  render  them,  in  whole 
or  in  part,  suitable  for  use  as  shelters. 

Expedient  Shelter  -  SI:  Preparing  plans  and  specifications  and 
constructing  facilities  intended  to  have  a  short  useful  life  to  be  used  as 
shelters. 
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Shelter  Ventilation  -  SJ:  Providing  the  capability  to  maintain  safe  levels 
of  temperature  and  humidity  for  occupants  of  the  shelters  specified  for  use 
in  Community  Shelter  (SC)  and  Crisis  Relocation  Shelter  (SD)  plans. 

Shelter  Stocking:  Procuring  and  placing  items  necessary  for  extended 
occupancy  of  the  shelters  specified  for  use  in  Connunity  Shelter  (SC)  and 
Crisis  Relocation  Shelter  (S3)  plans,  of  the  following  classes: 

Water  -  SK:  Storage  containers  for  specified  amounts  of  potable  water 
(to  be  filled  contingent  on  a  decision  to  fill  them)  plus  cups  for  the  supply 
of  water  for  drinking  by  shelter  occupants. 

Sanitation  -  SL:  Specified  materials  for  personal  hygiene  and  containers 
for  bodily  wastes  and  refuse. 

Food  -  SM:  Specified  amounts  of  food  for  shelter  occupants. 

Medical  -  SN:  Specified  amounts  of  medical  items  needed  to  treat 
illnesses  and  injuries. 

Shelter  Communications  -  SR:  Providing  the  capabilities  in  the  shelters  for 
communications  between  D AC  and  the  shelter  of  two  kinds: 

Public  -  SO:  Means  for  receiving  information,  guidance,  and  instructions 
Intended  for  the  public  and  broadcast  by  D&C  over  the  Emergency  Broadcast  System. 

System  -  SP:  Means  for  (a)  receiving  information,  guidance,  and 
instructions  from  D&C  Intended  for  system  personnel  and  (b)  transmitting 
situation  information  to  D&C,  both  over  whatever  communications  channels  are 
es tabllshed. 

CRISIS  RELOCATION  PLANNING 

Providing  plans  for  relocating  people  from  higher  risk  areas,  for  csrlng 
for  them  while  relocated,  and  for  continuing  essential  activities  in  the  risk 
areas,  to  include  the  following  subordinate  elements: 


1 
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Relocation  Movement  Planning  -  XA:  Preparing  plans  for  the  movement  of  people 
away  from  risk  areas  including  (1)  specifying  the  host  areas  to  be  assigned  to 
each  risk  area,  (2)  specifying  the  routes  to  be  used  In  the  aoveaent,  and  (3) 
specifying  the  equlpaent  and  goods  to  be  aoved  In  the  relocation. 


Reception  and  Care  Planning  -  XB:  Preparing  plans  for  lodging,  feeding,  and 
providing  welfare  and  other  services  in  host  areas  for  relocated  people 
including  (1)  surveying  of  existing  facilities,  (2)  specifying  those  to  be 
used  and  their  purposes,  and  (3)  assigning  lodging  to  defined  groups  if 
deemed  appropriate. 


Revising  Supply  Channels  -  XC:  Preparing  plans  for  revising  the  channels  of 
supply  of  essential  goods  and  services  to  fit  the  changed  demand  pattern 
resulting  from  the  relocation  of  the  population. 


Computing  Essential  Workers  -  XD:  Preparing  plans  for  providing  transportation 
between  risk  and  host  areas  for  workers  who  will  be  required  to  continue 
essential  activities  In  the  risk  areas. 


WARNING 


Providing  capabilities  to  alert  and  Inform  the  population  of  (1)  an 
impending  attack  and  (2)  the  necessity  of  caking  lapediate  protective 
action,  including  Che  following  subordinate  elements: 


Increased  Warning  Capability:  Providing  improved  means  to  warn  Che  public 
by  (1)  increasing  the  number  of  people  who  can  receive  Che  warning  message, 
(2)  Increasing  the  clarity  of  the  message,  or  (3)  doing  both.  These  improve¬ 
ments  can  be  achieved  either  alternatively  or  Jointly  In  the  following  ways: 


National  Systi 


Alerting  -  AA:  Means  to  activate  the  alerting  signal  directly  from 
the  National  Warning  Center  (Federal  DAC)  or  to  supply  warning  Information  to 
local  DAC. 


Informing  -  AB:  Means  to  activate  the  local  broadcast  of  a  verbal 
warning  message  directly  from  the  National  Warning  Center. 

Local  System  -  AF : 

Alerting  -  AD:  Means  to  activate  the  alerting  signal  from  Local 
D&C  upon  receipt  of  information  from  the  National  Warning  Center. 

Informing  -  A£:  Means  to  give  the  warning  message  by  (a)  the 
alerting  signal  or  (b)  activation  of  the  local  broadcast  of  a  verbal  message. 

Reduced  Delav:  Providing  improved  means  to  increase  the  speed  with  which  the 
warning  message  is  delivered  to  and  understood  by  the  public  and  thus  reduce 
Che  delay  between  detection  of  the  attack  and  response  to  the  warning  by  Che 
public.  These  improvements  can  be  achieved  either  alternatively  or 
Jointly  in  two  ways: 

National  System  -  AI: 

Alerting  -  AC:  Means  to  increase  the  speed  with  which  warning  information 
is  (a)  initiated  in  the  National  Warning  Center,  (b)  distributed  through  Che 
system  directly  to  broadcast  stations,  or  (c)  distributed  through  Che  system 
to  local  warning  points. 

Informing  -  AH:  Means  to  reduce  the  delay  in  broadcast  stations  between 
receipt  of  the  warning  information  from  the  National  Warning  Center  and 
initiation  of  che  broadcast. 

Local  System  -  AL: 

Means  to  reduce  che  delay: 

(a)  In  local  D4C  between  receiving  che  warning  information  from  the 
National  Warning  Center  and  (1)  activating  the  local  alerting 
signal  (AJ)  and  (2)  informing  the  local  broadcast  station. 

(b)  Between  receiving  che  information  in  che  broadcast  station  and 
initiating  the  broadcast  (AK). 
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RADIOLOGICAL  DEFENSE 

Providing  capabilities  Co  (1)  identify  and  measure  fallout  radiation, 

(2)  assemble  and  analyze  the  available  data,  and  (3)  advise  as  to  the 
implications  of  fallout  radiation  including  Che  following: 

Shelter  RAPEF  -  US:  Providing  capabilities  to  aeasure,  interpret,  and 
advise  as  to  Che  iapllcatlons  of  radiation  within  shelters  including: 
supplying  instruments  (I’A)  and  recruiting  and  training  Monitors  (UB) . 

Self-Help  RAPEF  -  UH:  Providing  capabilities  to  aeasure,  interpret,  and  advise 
as  to  the  iapllcatlons  of  radiation  in  Che  areas  in  which  eaergency  operations 
are  being  conducted  and  in  facilities  and  places  within  r  name  ion  fields 
where  activities  must  be  carried  on  including:  supplyinp  instruments  (UC)  and 
recruiting  and  training  Monitors  (UD) . 

Area  RAPEF  -  UW:  Providing  capabilities  to  aeasure,  intenret,  and  advise  as 
to  the  implications  of  radiation  throughout  the  area  in  which  the  Area  RADEF 
system  is  deployed  to  assist  D&C  in  directing  and  controlling  emergency 
operations  and  in  informing  the  emergency  services  and  the  public  Including: 
supplying  instruments  (UE)  and  recruiting  and  training  Monitors  (UF)  and 
Radiological  Defense  Officers  and  their  assistants  (UG). 

EMERGENCY  PUBLIC  INFORMATION 

Providing  an  assured  capability  to  communicate  information  from  governments 
to  the  public  in  an  emergency,  including  the  following  subordinate  elements: 

Information  Preparations:  Providing  the  capabilities  to  Inform  the  public  by 
supplying  informational  materials  ano  by  concluding  necessary  arrangements  for 
the  dissemination,  either  through  the  media  or  by  direct  means,  of  information 
of  the  following  types: 

Self-Help  -  IA:  Information  related  to  activities  suitable  for  the  public, 
to  mitigate  and  alleviate  the  effects  of  attack  In  such  matters  as  home 
shelter,  fire  prevention,  sanitation,  first  aid,  rescue,  and  so  on. 
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Warning  -  IB:  Information  related  to  the  nature  and  meaning  of  the 
alerting  signal  and  confirming  message,  the  means  by  which  they  will  be 
transmitted,  and  the  appropriate  response. 

Relocation  -  IC:  Information  related  to  crisis  relocation  including 
(a)  location  of  assigned  host  areas;  (b)  plans  and  preparations  for  reception, 
care,  and  sheltering  in  the  host  areas;  and  (c)  details  of  the  movement  plan 
with  specific  emphasis  on  actions  the  public  must  take. 

Shelter  -  ID:  Information  related  to  occupation  of  the  shelters  inclu¬ 
ding  (a)  locations  of  the  shelters,  (b)  preparations  the  public  should  make  in 
advance  of  going  to  shelter,  (c)  conditions  they  can  expect  to  find  in  the 
shelters,  (d)  the  specific  actions  they  should  take  in  moving  to  shelter,  and 
(e)  the  actions  they  should  take  (1)  to  obtain  the  maximum  protection  in  the 
shelters  and  (2)  to  conduct  fire  fighting,  rescue,  remedial  movement,  and  so  on. 

Broadcast  Station  Protection  -  IE:  Providing  the  capabilities  to  protect 
people  and  equipment  and  to  supply  emergency  power  necessary  for  assuring 
continued  ability  of  specified  broadcast  stations  to  operate  in  an  emergency. 

EMERGENCY  SERVICES 

Providing  the  special  capabilities  necessary  to  enable  government  forces 
(.e.g.,  fire,  police,  public  works)  and  public  service  organizations  (e.g.. 
utilities,  hospitals)  to  perform  civil  defense  emergency  operations  under 
civil  defense  system  direction  and  control,  including  the  following: 

FIRE  SERVICE 

Providing  the  necessary  capabilities  for  (1)  participating  in  Informing 
the  public  and  (2)  employing  professional  skills  In  preventing  and  suppressing 
fire  and  in  rescuing  trapped  people,  as  follows: 
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Public  Preparedness:  Providing  the  capabilities  to  employ  the  EPI  materials 
and  ocher  information  related  to  fire  fighting  and  rescue  so  that  the  public 
may  be  informed  about  Self  Help  (FA),  Warning  (FB),  Relocation  (FC)  and 
Shelter  (FD) . 

Fire  Prevention:  Providing  Che  capabilities  to  prevent  fires  chat  would 
result  either  from  weapons  effects  or  from  ocher  causes,  such  as  leaving 
buildings  unattended,  by  means  of: 

Self  Help  -  FE:  Actions  taken  by  the  public  as  a  result  of  information 
provided  in  Public  Preparedness  efforts. 

Service  -  FF :  Actions  taken  by  the  fire  service  in  organized,  professional 
efforts  to  reduce  the  potential  for  ignitions  and  fire  starts. 

Fire  Suppression  -  FC:  Providing  the  capabilities  necessary  for  organized, 
professional  efforts  to  suppress  fires  resulting  from  weapon  effects  and  from 
ocher  causes,  such  as  leaving  buildings  unattended. 

Rescue  -  FH:  Providing  the  capabilities  necessary  for  organized,  professional 
efforts  to  release  people  trapped  by  debris  resulting  from  attack  effects. 

Inform  D&C  -  FI:  Providing  the  capabilities  to  inform  Direction  and  Control 
as  to  the  current  situation  with  respect  to  attack  effects,  condition  of  the 
fire  service,  and  so  on. 

MEDICAL  SERVICE 

Providing  the  necessary  capabilities  for  (1)  participating  in  informing 
Che  public  and  (2)  employing  professional  skills  in  maintaining  public  health 
and  in  giving  medical  care,  as  follows: 

Public  Health:  Providing  the  capabilities  necessary  to  aaintain  the  health 
of  Che  public  and  Inhibit  the  spread  of  disease  to  chose  who  are  well,  as 
follows: 

Sanitation:  Providing  the  capabilities  necessary  for  maintaining  a 
sanitary  environment  including  the  collection  and  disposal  of  refuse,  gar¬ 
bage,  and  sanitary  sewage,  and  the  maintenance  of  Che  purity  of  water  supplies 
by  means  of: 
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Self  Help  -  MA:  Actions  taken  by  the  public  as  a  result  of 
information  provided  in  Public  Preparedness  efforts. 

Service  -  MB:  Actions  C3ken  by  the  medical  service  in  organized, 
professional  efforts  to  maintain  a  sanitary  environment. 

Controlling  Disease  -  MC:  Providing  the  capabilities  to  prevent 
the  spread  of  disease  from  those  who  have,  or  mav  carrv,  it  to  those  who  are 
susceptible  to  it. 

Controlling  Vectors  -  MD:  Providing  the  capabilities  to  limit 
the  number  of  organisms  thac  carrv  disease-producing  agents. 

Medical  Care:  Providing  the  capabilities  to  supply  medical  care  to  the  ill 
and  injured  and  other  care  (such  as  pre-natal)  including  the  transporting 
of  patients  to  medical  care  facilities,  as  follows: 

Transporting  Ill  and  Injured  -  ME:  Providing  the  capabilities  to 
transport  111  and  Injured  to  places  where  medical  care  is  available  and  to 
provide  necessary  medical  care  while  en  route. 

First  Aid:  Providing  the  capabilities  to  treat  minor  illnesses  and 
injuries  not  requiring  facllltv  treatment,  by  means  of: 

Self  Help  -  MF:  Actions  taken  by  the  public  as  a  result  of 
information  provided  in  Public  Preparedness  efforts. 

Service  -  MC:  Actions  taken  by  the  medical  service  in  organized 
professional  (or  semi-professional)  efforts  to  supply  "first  aid”  medical  care. 

Facility  Treatment:  Providing  the  capabilities  to  supply  medical  care 
of  illness  and  injury  In  treatment  centers,  clinics,  hospitals,  and  so  on 
sstsbllshed  for  the  purpose. 


Inform  D&C  -  MI:  Providing  the  capabilities  to  inform  Direction  and  Control 
as  to  the  current  situation  with  respect  to  attack  effects,  condition  of  the 
people,  facility  capacities,  conditions  of  the  medical  service,  and  so  on. 

POLICE  SERVICE 

Providing  the  necessary  capabilities  for  (1)  participating  in  informing 
the  public,  1 2 )  maintaining  order  where  emergency  operations  are  being  per¬ 
formed,  (3)  controlling  traffic  in  movements  of  the  public,  (4)  suppressing 
crime,  and  (5)  warning  the  people,  as  follows: 

Public  Preparedness:  Providing  the  capabilities  to  employ  the  EPI  materials 
and  other  information  related  to  maintaining  order  and  controlling  traffic 
and  access  so  that  the  public  may  be  informed  about  Self  Help  (LA),  Warn¬ 
ing  lL3),  Relocation  (LC) ,  and  Shelter  (LD) . 

Maintaining  Order:  Providing  the  capabilities  to  maintain  order  where  emer¬ 
gency  operations  are  being  performed  Including  the  controlling  and  guiding 
of  public  movements,  as  follows: 

Maintaining  Facility  Order  (LE):  Providing  the  capabilities  to  main¬ 
tain  order  in  facilities  where  emergency  operations  (feeding,  medical  care, 
etc.)  are  being  performed. 

Controlling  Relocation  Traffic  -  LF :  Providing  the  capabilities  for 
controlling  traffic  in  a  crisis  relocation  movement. 

CuoCfOii lug  Movement  to  Shelter  -  LC:  Providing  the  capabilities  for 
controlling  (guiding)  a  movement  to  shelter. 

Controlling  Remedial  Movement  -  LH:  Providing  the  capabilities  for 
controlling  (guiding)  an  organized  remedial  movement. 
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Suppressing  Crime:  Providing  Che  capabilities  for  suppressing  crime  by 
controlling  access  to  areas  and  facilities  and  by  controlling  criminals, 
as  follows: 

Controlling  Access  -  LI:  Actions  to  prohibit  the  access  of  unauthorized 
persons  to  areas  or  to  facilities  in  order  to  prevent  criminal  loss  of 
property,  public  or  private. 

Controlling  Criminals  -  LJ :  Actions  to  restrain  the  activities  of 
criminals  including  the  operation  of  detention  facilities. 

Warning  -  LX:  Providing  the  capabilities  for  the  police  service  to  warn 
tne  people  supplementing  the  warning  system. 

h&r  -  l_T,  •  Providing  the  capabilities  to  inform  Direction  and 
Control  as  to  the  current  situation  with  respect  to  attack  effects, 
conditions  of  the  police  service,  and  so  on. 

WARDEN  SERVICE* 

Providing  the  necessary  capabilities  for  (1)  participating  in  informing 
the  public, (2)  managing  public  movements,  (3)  conducting  operations  outside 
the  shelters  employing  shelter  occupants,  (4)  managing  shelters,  (S)  con¬ 
ducting  reception  and  care  activities,  and  (6)  warning  the  people  as 
follows: 

Public  Preparedness:  Providing  the  capabilities  to  employ  the  EPI  mater¬ 
ials  and  other  information  so  that  the  public  may  be  Informed  about  Self 
Help  (VA),  Warning  (VB),  Relocation  (VC),  and  Shelter  (VD). 


While  current  doctrine  does  not  envision  a  "Warden  Service",  there  are  a 
number  of  civil  defense  functions  not  now  assigned  to  a  service  that  would 

best  be  managed  by  an  emergency  service. 


Managing  Movemcnc:  Providing  the  capabilities  to  manage  movements  of  the 
public  (1)  in  Crisis  Relocation  (WE),  (2)  to  Shelter  (WF),  and  in  organized 
Remedial  Movement  (WG) . 

Shelter-Based  Operations:  Providing  the  capabilities  to  conduct  operations 
outside  the  shelters  employing  the  capabilities  available  in  the  shelters, 
in  the  areas  of  Fire  Fighting  (VH) ,  Rescue  (VI),  and  Remedial  Movement  (WJ) . 

Managing  Shelters:  Providing  the  capabilities  to  manage  and  conduct  In¬ 
shelter  operations,  as  follows: 

Public  Information  -  WK:  Informing  shelter  occupants  on  the  attack 
situation,  desirable  protective  actions,  and  so  on. 

Improve  Blast  Posture  -  VL :  Improving  the  protection  afforded  by  the 
shelter  against  direct  weapon  effects  by  controlling  the  arrangement  of  the 
occupants  within  the  available  spaces. 

Improve  Fallout  Posture  -  VM:  Improving  the  protection  afforded  by  the 
shelter  against  fallout  effects  by  controlling  the  use  of  the  available  spaces 
and  the  arrangement  of  the  occupants  within  them. 

Operate  Ventilation  -  WN:  Managing  the  ventilation  of  the  shelter  so  as 
to  prevent  or  delay  the  occurrence  of  excessive  effective  temperature  by  (1) 
directing  the  assembly  and  operation  of  ventilation  equipment  and  (2) 
controlling  the  opening  and  closing  of  doors  and  windows  to  enhance  natural 
ventilation. 

Control  Water  Use  -  WO:  Managing  the  use  end  cleanliness  of  svallable 
water  supplies  so  as  to  prevent  or  delay  the  possible  occurrence  of  hazardous 
dehydration  of  the  shelter  occupants  and  so  as  to  inhibit  spread  of  disease. 


Shelter  RADEF  -  VF:  Using  instruments  available  In  Che  shelter,  and 
reading  and  Interpreting  the  data.  In  lieu  of,  or  In  addition  to,  the 
efforts  of  trained  monltor(s)  occupying  the  shelter. 

Sanitation  -  VR:  Managing  activities  to  maintain  a  sanitary  environment 
within  the  shelter. 

Medical  Care  -  WS :  Managing  first  aid  activities  within  the  shelter  and 
arranging  for  medical  care  of  chose  needing  more  chan  first  aid. 

Feeding  -  WT:  Managing  Che  feeding  of  shelter  occupants  and  control¬ 
ling  Che  use  and  cleanliness  of  shelter  food  stocks. 

Reception  and  Care  -  WX:  Providing  the  capabilities  to  lodge,  feed,  and 
supply  welfare  service  to  people  displaced  from  their  home  because  of 
relocation  or  because  of  the  effects  of  attack,  as  follows: 

Lodging  -  WU:  Assigning  and  managing  temporary  lodging  for  displaced  people 

Feeding  -  WV:  Supplying,  preparing,  and  serving  food  to  displaced  people. 

'Welfare  Services  -  WU:  Supplying  material  aid  and  counsel  for  displaced 
people. 

Warning  -  WT :  Providing  the  capabilities  for  the  warden  service  to  warn  Che 
people,  supplementing  che  warning  system. 

Inform  D&C  -  W2:  Providing  Che  capabilities  for  the  warden  service  to 
inform  Direction  and  Control  as  to  Che  current  situation  with  respect  to 
attack  effects,  condition  of  the  shelters  and  chair  occupants,  and  so  on. 

RESOURCE  SERVICE 

Providing  the  necessary  capabilities  for  (1)  supplying  goods,  (2) 
transporting  people  and  goods,  (3)  supplying  facilities,  (4)  clearing  debris, 
and  (3)  decontaminating,  as  follows: 
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Supply :  Providing  the  capabilities  for  assuring  the  availability  of 
essential  goods  and  distributing  them  as  required,  through: 

Revising  Supply  Channels  -  RA:  Actions  to  achieve  the  revision  of 
the  nonaal  channels  of  supply  of  essential  goods  and  services  as  planned 
in  Crisis  Relocation  Planning  (Revising  Supply  Channels  -  XC)  Including 
(1)  inforaing  the  suppliers  as  to  the  relocated  distribution  of  the  public 
and  (2)  assisting  the  suppliers  in  achieving  and  maintaining  the  revised 
supply  channels. 

Supplying  Goods  -  RB:  Procuring,  storing,  and  Issuing  goods  essential 
for  eaergency  operations. 

Transporting:  Providing  the  capabilities  for  (1)  procuring  the  use  of 

vehicles  and  (2)  operating  and  aaintalnlng  vehicles,  for  the  transporting 
of  people  and  goods,  as  follows: 

Relocation  of  People  -  RC:  Providing  for  the  operation  of 
vehicles  to  transport  those  of  the  public  who  do  not  supply  their  own 
transportation. 

Commuting  Essential  Workers  -  RD:  Providing  for  the  operation 
of  vehicles  to  transport  essential  workers  from  their  temporary  lodging 
in  the  host  areas  to  their  duty  stations  in  the  risk  areas  (and  return)  , 
including  the  assuring  of  the  availability  of  fuel  and  servicing  for  the 
vehicles  employed  in  commuting. 

Remedial  Movement  -  RE:  Providing  and  operating  vehicles  to 
transport  people  in  an  organized  remedial  movement. 
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Goods  -  RF :  Transporting  of  goods  for  eaergency  purposes  Including 
Che  resupply  of  shelters  and  aedlcal  facilities  when  feasible. 

Facilities  -  RJ :  Providing  the  capabilities  for  (1)  establishing,  (2) 
operating,  and  (3)  maintaining  and  repairing  facilities  required  for  eaergency 
operations,  as  follows: 

Establishing  Facilities  -  RG:  Procuring  the  use  of  facilities  and 
doing  whatever  is  necessary  to  render  thea  suitable  for  their  Intended 
eaergency  use. 

Gperatlng  Facilities  -  RH:  Performing  the  activities  necessary  for  use 
of  the  facility  for  its  Intended  eaergency  purpose,  not  to  Include  Che 
activities  of  the  eaergency  operation  housed  in  the  facility  unless  the 
eaergency  operation  is  assigned  to  the  resource  service. 

Maintaining  and  Repairing  -  RI:  Accomplishing  repairs  to  existing 
facilities  necessary  to  assure  the  continued  use  of  the  facility  for  its 
eaergency  purpose,  or  to  prevent  deterioration  of  the  facility. 

Clearing  Debris  -  RM:  Providing  the  capabilities  for  reaovlng  attack- 
caused  debris  or  disablements  so  as  to  reclala  access  to  or  usability  of 
facilities  and  routes  in  the  eaergency  as  follows: 

Roads  -  RK :  Clearing  of  debris  and  ocher  obstructions  from  roads  and 
ocher  transportation  facilities  so  as  to  render  thea  passable  to  the  vehicles 
chat  use  thea. 

Buildings  -  RL:  Clearing  of  debris  froa  buildings  and  froa  their 
lanedlate  vicinity  so  as  to  (1)  obtain  access  to  thea  froa  adjacent  roadways 
or  (2)  render  thea  usable. 
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Decontaminating  -  RP:  Providing  the  capabilities  for  reducing  the 
radiation  flux  from  fallout  materials  on  the  surfaces  of  buildings  and 
terrain  through  removing  or  burying  the  fallout  materials,  as  follows: 

Buildings  -  RN:  Removing  fallout  materials  from  the  surfaces  of 
buildings  and  their  immediate  surroundings  so  as  to  reduce  the  radiation 
flux  within  the  buildings. 

Terrain  -  RO:  Removing  fallout  materials  from  paved  areas  and  removing 
or  burying  fallout  materials  on  unpaved  areas  so  as  to  reduce  the  radiation 
flux  in  the  open  and  within  buildings  in  the  vicinity  of  the  contaminated 

areas. 

Inform  D&C  -  RR:  Providing  the  capabilities  for  the  resource  service  to 
inform  Direction  and  Control  as  to  the  current  situation  with  respect  to 
attack  effects,  the  condition  of  the  resource  service,  the  availability  and 
condition  of  facilities  and  supplies,  and  so  on. 

PROTECT  IJfDUSTRY 

Providing  the  necessary  capabilities  to  protect  industry  so  as  to 
increase  its  potential  productivity  in  the  lsnedlate  postattack  period, 
as  follows: 

Hardening:  Providing  the  capabilities  for  Increased  resistance  to  weapon 
and  attack  effects,  as  follows: 

Facilities  -  BA:  Increasing  the  resistance  of  industrial  facilities  to 
damage  to  themselves  and  their  contents  through  modification  of  existing 
facilities  or  through  modification  of  the  plans  and  specifications  for  new 
facilities . 
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Equipment  -  AM:  Increasing  cne  resistance  or  lnaustriai  equipment  to 
damage  through  installation  of  shields  for  existing  installations  or 
through  modification  of  the  design  of  new  equipment. 

Inventories  -  BC:  Increasing  the  resistance  of  industrial  inventories 
(of  both  producer  and  consumer  goods)  by  shielding  against  weapon  effects 
and  by  warehousing  in  lower  risk  locations. 

Emergency  Shut  Down:  Providing  the  capabilities  to  reduce  damage  to 
Industrial  property  chat  would  result  (1)  from  leaving  it  unattended  or 
(2)  from  falling  to  leave  it  in  its  best  posture  to  resist  attack  effects, 
as  follows: 

Facilities  -  3D:  Actions  to  reduce  damage  to  the  facility  and  its 
contents  because  of  (1)  hazards  (principally  fire)  resulting  from  leaving 
it  unattended  and  (2)  hazards  (principally  fire  and  flooding)  resulting 
from  direct  and  indirect  effects  of  attack. 

Processes  -  BE:  Actions  to  reduce  damage  to  processes  from  self 
destruction  when  the  processes  are  not  shut  down  in  an  orderly  manner. 

PROTECT  AGRICULTURE 

Providing  the  necessary  capabilities  to  protect  agriculture  so  as  to 
Increase  its  potential  productivity  in  the  lsmedlate  postattack  period, 
as  follows: 

Public  Preparedness:  Providing  the  capabilities  to  Inform  the  farm  public 
in  relation  to  protecting  themselves,  their  livestock,  and  their  crops, 
as  follows: 
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Self  Help  -  GA:  Information  useful  to  the  farm  public  for  their  own 
activities  to  mitigate  and  alleviate  the  effects  of  attack  in  such  matters 
as  fire  prevention,  sanitation,  first  aid,  and  the  like. 

Shelter  -  GB:  Information  useful  to  the  farm  public  for  the 
establishment  and  occupancy  of  shelter  for  residents  of  farms. 

Protect  Livestock:  Providing  the  capabilities  for  protecting  agricultural 
animals  against  the  effects  of  attack,  as  follows: 

Protection  -  GC:  Shielding  agricultural  animals  against  attack  effects. 

feeding  -  GD:  Provision  for  feeding  of  agricultural  animals  while  it 
Is  necessary  for  them  to  be  shielded  and  for  people  to  be  in  shelter  because 
of  attack  effects. 

Protect  Crops:  Providing  the  capabilities  to  protect  crops  against  loss  or 
damage  because  of  attack  effects,  as  follows: 

Protect  Seed  Stock  -  GE:  Protection  of  seed  stock  against  loss  or 
damage  to  assure  a  capability  to  replant  if  standing  crops  are  lost. 

Decontamination  -  GF:  Removing  of  the  surface  contamination  of  cropland 
by  fallout  materials  to  (1)  permit  working  of  the  land  and  (2)  reduce  uptake 
of  radioactive  elements. 

DIRECTION  AND  CONTROL 

Providing  the  necessary  capabilities  (1)  to  manage,  direct,  and  control 
operations  in  an  emergency  and  (2)  to  provide  support  and  information,  at 
three  levels:  Federal,  State,  and  local,  as  follows: 

FEDERAL  D 4C 

Providing  the  capabilities  to  direct  emergency  operations  at  the 
national  level  including  operation  of  the  national  warning  system,  as  follows: 


Support  State  and  Local:  Providing  the  capabilities  to  support  emergency 
operations  at  the  State  and  local  levels  by  supplying: 

Goods  -  DA:  Controlling  available  supplies  of  goods  and 
directing  their  distribution  as  required. 

Services  -  DB :  Controlling  the  employment  of  available  eaergency 
service  forces  and  directing  their  deployaent  as  required. 

Information  -  DC:  Supplying  available  situation  information  needed 
by  lower  echelons  for  conducting  emergency  operations  and  for  informing 
the  public. 

Informing  the  Public  -  DP:  Providing  the  capabilities  for  the  Federal 
government  to  Inform  the  public  in  an  emergency  as  to  (1)  the  situation  and 
(2)  preferable  ways  to  alleviate  the  effects  of  attack  by  their  own  efforts. 

Warning  the  Public  -  X:  Providing  the  capabilities  to  employ  the  capabili¬ 
ties  provided  in  Warning  -  AC  to  warn  the  public  either  by  direct  means  or 
through  supplying  attack  information  to  local  governments,  in  two  artas: 

Alerting  -  DE,  and  Informing  -  DF. 

STATE  D&C 

Providing  the  capabilities  to  direct  emergency  operations  at  the  State 
level,  as  follows: 

Support  Local:  Providing  the  capabilities  to  support  emergency  operations 
at  the  local  level  by  supplying  Goods  (DH),  Services  (DI),  and  Information 
(DJ). 

Inform  Federal  -  DK:  Providing  the  capabilities  to  Inform  the  Federal 
government  as  to  the  current  situation  within  the  State  with  respect  to 
attack  effects,  the  capability  of  the  State  to  deal  with  the  emergency,  and 
other  matters. 
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LOCAL  D&C 

Providing  the  capabilities  for  (1)  participating  in  informing  the 
public  for  their  preparedness,  (2)  warning  the  public,  and  (3)  informing 
the  public,  Che  State,  and  the  emergency  services,  as  follows: 

Public  Preparedness:  Providing  the  capabilities  to  employ  the  EPI  materials 
and  other  information  so  chat  the  public  may  be  informed  about  Self  Help  - 
DL,  Warning  -  DM,  Relocation  -  DN,  and  Shelter  -  DO. 

Warning  the  Public  -  DR:  Providing  the  capabilities  to  employ  the 
capabilities  provided  in  Warning  -  AF  to  warn  the  public  of  attack  by 
retransmitting  information  received  from  the  national  warning  system  in  the 
areas  of  Alerting  -  DP  and  Informing  -  DQ. 

Informing  the  Public  -  PS:  Providing  the  capabilities  to  Inform  the  public 
in  an  emergency  as  to  (1)  the  situation  and  (2)  preferable  ways  to  alleviate 
the  effects  of  attack  by  their  own  efforts. 

Informing  the  System  -  DZ:  Providing  the  capabilities  to  Inform  (1)  the 
State  government  and  the  emergency  services  as  to  the  current  situation  and 
(2)  the  emergency  services  as  to  operational  requirements  and  assignments, 
as  follows: 

State  -  DT  Police  -  DV 

Fire  -  DU  Warden  -  DX 

Medical  -  DV  Resource  -  DY 

RESEARCH  AND  DEVELOPMENT  -  KA 

Producing  information  and  developing  methods,  techniques,  prototypes,  etc., 
for  use  in  the  design  of  civil  defense  countermeasures  and  systems  and  in  program 
planning. 


A- 32 


FEDERAL  PROGRAM  MANAGEMENT 

Providing  and  exercising  the  capability  to  plan,  direct,  control, 
and  execute  the  parts  of  the  program  elements  that  are  to  be  accomplished 
at  the  Federal  level  and  to  test  such  parts  of  the  operating  system  as  are 
in  a  standby  state  to  ascertain  their  operational  readiness,  as  follows: 

Planning:  Providing  capabilities  and  preparing  plans  as  follows: 

Program  -  HA:  Obtaining  data  on  the  current  and  projected  states 
of  readiness  of  the  operating  system  and  making  such  adjustments  in  the 
overall  program  plan  as  are  necessary  to  achieve  the  goals  established  in 
the  program  design. 

Operational  -  HB:  Preparing  and  modifying  plans  for  emergency  operations 
at  the  Federal  level. 

Procurement : 

Facilities  -  HC:  Designing,  constructing,  altering,  and  maintaining 
facilities  for  emergency  operations  of  Federal  agencies. 

Equipment  -  HD:  Designing,  purchasing,  transporting,  storing,  installing, 
testing,  and  maintaining  non-expendable  equipment  for  use  in  emergency 
operations  by  Federal  agencies  and  for  distribution  to  State  and  local 
governments  for  ere  in  emergency  operations. 

Materials  -  HE:  Designing,  purchasing,  transporting,  storing,  delivering, 
and  maintaining  expendable  goods,  including  data,  for  use  in  emergency 
operations  by  Federal  agencies  and  for  distribution  to  State  and  local 
governments  for  use  in  emergency  operations. 

Services  -  HF:  Designing,  purchasing,  and  testing  services  for 
emergency  operations  at  the  Federal  level. 


Staff  in*: 


Recruiting  -  HG:  Enrolling  people  for  emergency  operating  staffs 
of  Federal  agencies  including  payment  of  salaries  or  honoraria  (when 
identifiable  as  such)  to  such  people  as  inducements  to  remain  enrolled. 

Course  Instruction  -  KH:  Training  individuals  for  positions  in 
emergency  organizations  by  (1)  preparing  course  materials,  (2)  training 
instructors,  and  (3)  instructing  individuals  for  organization  at  all  levels, 
including  operation  of  the  Staff  College. 

Organization  Exercise  -  HI:  Training  organizations  in  emergency 
operations  by  conducting  (a)  exercises  of  tne  federal  emergency  organiza¬ 
tion  or  (b)  Joint  exercises  of  the  Federal  and  selected  combinations  of 
State  and/or  local  emergency  organizations. 

Supporting  State  and  Local:  Providing  capabilities  and  supplying  support 
to  State  and  local  governments  for  program  management  activities,  as  follows: 

Funds  -  HJ :  Supplying  funds  to  assist  State  and  local  governments  in 
program  management.  Including  planning,  procurement,  and  staffing  activities. 

Assistance  -  HK:  Supplying  trained  individuals  to  assist  State  and 
local  governments  in  program  management  activities. 

Information  -  HL:  Supplying  technical  and  management  information  needed 
by  State  and  local  governments  in  program  manaement  activities. 

Administration  -  HM:  Providing  capabilities  and  planning,  procurement,  and 
staffing  for  the  conduct  of  program  management  activities  at  the  Federal  level. 

STATE  PROGRAM  MANAGEMENT 

Providing  and  exercising  the  capability  to  plan,  direct,  control,  and 
exercise  the  parts  of  the  program  elements  that  are  to  be  accomplished  at 
the  State  le* el  and  to  test  such  parts  of  the  operating  system  as  are  in  a 
standby  state  to  ascertain  their  operational  readiness,  as  follows: 
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Planning:  Providing  capabilities  and  preparing  plans  as  follows: 


Program  -  NA:  Obtaining  data  on  the  current  and  projected  states 
of  readiness  of  the  operating  system  and  making  such  adjustments  in  the 
overall  program  plan  as  are  necessary  to  achieve  the  goals  established  in 
the  program  design. 

Operational  -  SB:  Preparing  and  modifying  plans  for  emergency  operations 
at  the  State  level. 

Procurement : 

Facilities  -  SC:  Designing,  constructing,  altering,  and  maintaining 
facilities  for  emergency  operations  of  State  agencies. 

Equipment  -  SD:  Designing,  purchasing,  transporting,  storing.  Installing  , 
testing,  and  maintaining  non-expendable  equipment  for  use  in  emergency 
operations  by  State  agencies  and  for  distribution  to  local  governments  for 
use  in  emergency  operations. 

Materials  -  SE:  Designing,  purchasing,  transporting,  storing,  delivering, 
and  maintaining  expendable  goods,  including  data,  for  use  in  emergency 
operations  by  State  agencies  and  for  distribution  to  local  governments  for 
uae  in  emergency  operations. 

Services  -  KF:  Designing,  purchasing,  and  testing  services  for 
emergency  operations  at  the  State  level. 

Staffing: 

Recruiting  -  SC:  Enrolling  people  for  emergency  operating  staffs 
of  State  agencies  including  payment  of  salaries  or  honoraria  (whan  Identifiable 
as  such)  to  such  people  as  inducements  to  remain  enrolled. 
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Course  Instruction  -  NH:  Training  Individuals  tor  positions  in 
emergency  organizations  by  (1)  preparing  course  materials,  (2)  training 
instructors,  and  (})  instructing  individuals  for  organizations  at  State 
and  local  levels. 

Organization  Exercise  -  NI:  Training  organizations  in  emergency 
operations  by  conducting  (a)  exercises  of  the  State  emergency  organization 
or  (b)  Joint  exercises  of  the  State  and  selected  combinations  of  local 
emergency  organizations . 

Supporting  Local:  Providing  capabilities  and  supplying  support  to  local 
governments  for  program  management  activities,  as  follows: 

Funds  -  NJ :  Supplying  funds  to  assist  local  governments  in  program 
management.  Including  planning,  procurement,  and  staffing  activities. 

Assistance  -  NTC:  Supplying  trained  individuals  to  assist  local 
governments  in  program  management  activities. 

Information  -  SI:  Supplying  technical  and  management  information 
needed  by  local  governments  in  program  management  activities. 

Inform  Federal  -  Supplying  information  to  the  Federal  government  as 

to  (1)  the  current  status  of  (a)  civil  defense  within  the  State  and  (b)  the 
preparedness  program*,  (2)  progress  in  preparedness;  and  (3)  other  matters. 

Administration  -  SN:  Providing  capabilities  and  planning,  procurement,  and 
staffing  for  the  conduct  of  program  management  activities  at  the  State  level. 

LOCAL  PROCRAM  MANAGEMENT 

Providing  and  exercising  the  capability  to  plan,  direct,  control,  and 
execute  the  parts  of  the  program  elements  chat  arc  to  be  accomplished  at  the 
local  level  and  to  test  such  parts  of  the  operating  system  as  are  in  a 
standby  state  to  ascertain  their  operational  readiness,  as  follows: 


Planning:  Providing  capabilities  and  preparing  plans  as  follows: 

Program  -  PA:  Obtaining  data  on  the  current  and  projected  states 
of  readiness  of  the  operating  system  and  making  such  adjustments  in  the 
overall  program  plan  as  are  necessary  to  achieve  the  goals  established  In 
the  program  design. 

Operational  -  PB:  Preparing  and  modifying  plans  for  emergency  operations 
at  the  local  level. 

Procurement : 

Facilities  -  PC:  Designing,  constructing,  altering,  and  maintaining 
facilities  for  emergency  operations  of  local  agencies. 

Equipment  -  PD:  Designing,  purchasing,  transporting,  storing,  installing  , 
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testing,  and  maintaining  non-expendable  equipment  for  use  in  emergency 
operat ions . 

Materials  -  PE:  Designing,  purchasing,  transporting,  storing,  delivering, 
and  maintaining  expendable  goods,  including  data,  for  use  in  emergency 
operations . 

Services  -  PF:  Designing,  purchasing,  and  testing  services  for 
emergency  operations. 

Staffing: 

Recruiting  -  PC:  Enrolling  people  for  emergency  operating  staffs 
of  local  agencies  Including  payment  of  salaries  or  honoraria  (when  Identifiable 
aa  such)  to  such  people  as  Inducements  to  remain  enrolled. 

Course  Instruction  -  PH:  Training  individuals  for  positions  in 
emergency  organizations  by  (1)  preparing  course  materials,  (2)  training 
Instructors,  and  (3)  instructing  individuals  for  local  emergency. 
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Organization  Exercise  -  PI:  Training  organizations  in  emergency 
operations  by  conducting  exercises  (a)  of  the  local  emergency  organization 
or  (b)  of  elements  of  the  local  organization,  individually  or  in  selected 
combinations. 

Inform  State  -  PJ:  Supplying  information  to  the  State  government  as 
to  (1)  the  current  status  of  (a)  civil  defense  within  the  locality  and 
(b)  the  preparedness  program;  (2)  progress  in  preparedness;  and  (3)  other 
matters. 

Administration  -  ?K:  Providing  capabilities  and  planning,  procurement, 
and  staffing  for  the  conduct  of  program  management  activities  at  the  local 
level. 
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DESCRIPTION  OF  PROCRAM  ANALYSIS  MODEL 


Introduce  ion 

This  Appendix  describes  the  Program  Analysis  Model  (PAM)  to  the  extent 
that  It  has  been  developed.  The  appendix  Is  divided  Into  seven  sections 
corresponding  to  the  POPDEF  input  parameters  PAM  is  intended  to  produce.  The 
sequence  of  the  treatment  parallels  the  order  in  which  the  parameters  enter 
the  POPDEF  model.  Within  each  section  the  presentation  starts  with  the  POPDEF 
parameter  and  proceeds  through  the  central  countermeasures  to  the  counter¬ 
measures  affording  direct  and  Indirect  support. 

For  each  part  of  the  model,  this  appendix  gives  the  flow  diagram 
(system  tree)  followed  by  a  text  that  defines  the  Inputs  and  outputs  and 
describes  the  relationships  in  terms  of  the  system  algebra.  As  can  be  seen 
in  the  table  of  contents,  each  element  of  the  model  is  described  only  once: 
the  first  time  it  appears  in  a  sequence  of  relationships.  When  it  appears 
in  a  later  sequence,  reference  is  made  to  its  prior  description. 

A  number  of  conventions  were  adopted  for  use  in  the  system  tree  and 
definitive  texts.  The  meaning  of  each  letter  code  (whether  one,  tvo,  or  three 
letters)  is  as  it  is  defined  in  the  text  in  which  it  appears.  The  tvo-letter 
code  (e.g.,  PB  -  Operations  Plans)  is  the  basic  code  and,  wherever  it  is  used, 
its  meaning  is  derived  from  the  definition  for  it  in  Appendix  A.  However, 
because  each  element  of  the  organization  Includes  at  least  people  and  hardware, 
it  was  found  necessary  to  add  a  third  letter  to  account  for  relationships 
within  the  organization  element.  As  the  model  now  stands,  the  following  third 
letters  are  used. 


S  •  staff  (organization  personnel) 

C  ■  cooDunicatlons 
E  ■  equipment 
F  ■  facilities 
M  ■  materials 

R  ■  recruiting  (on-board  personnel) 

T  ■  training  (of  individuals) 

Then,  for  example,  DSR  is  used  to  refer  to  on-board  D&C  public  information 
personnel,  OS?  those  who  have  been  individually  trained,  OSS  their  capability, 
and  DSC  the  communications  they  use. 

In  use,  PAM  starts  with  the  state  of  the  system  at  the  start  of  the 
preparedness  program.  For  this,  the  subscript  o  is  added  to  the  three-letter 
code;  e.g.,  DSRq  refers  to  on-board  O&C  public  information  personnel  at 
program  start.  The  prefix  A  is  added  to  the  three  letter  code  to  refer  to 
the  net  accomplishment  of  the  program;  e.g.,  ADSR  refers  to  the  net  change 
in  on-board  O&C  public  information  personnel  achieved  by  the  program.  Throughout 
the  model,  the  superscript  '(prime)  is  added  to  Indicate  a  potential  capability 
or  effectiveness;  e.g.,  OSS'  refers  to  the  potential  capability  of  the  D&C 
public  information  staff.  The  prime  superscript  may  be  added  to  one-,  two-, 
or  three-letter  codes. 

Several  one-letter  codes  are  used: 

e  C  usually  refers  to  the  combined  capability  of  two  or 

■ore  elements  of  the  system. 

e  E  usually  refers  to  the  combined  effectiveness  of  two 

or  more  elements  of  the  system. 

e  K  represents  a  modifying  factor;  e.g.,  the  reliability 

of  radiological  Instruments  or  the  fraction  of  the 
preattack  personnel  who  are  effective  after  the  attack. 


Ac  a  number  of  places  in  PAM,  allowance  has  been  made  for  Che  public  co 
perform  some  of  che  funccions  of  the  operacing  system  based  on  Che  premise 
chac  che  operacing  system  may  not  be  complecely  prepared  or,  even  if  lc  is, 
may  noc  be  fully  deployed  in  an  emergency.  Where  this  is  done,  ic  is 
idenclfied  by  a  cvo-leccer  code  with  0  as  che  flrsc  letter  (except  in  SO)  and 
che  second  leCter  either  che  same  as  for  che  warden  service  function  che 
public  is  performing  or,  as  in  OU  -  Shelter  Monitoring,  a  function  chat  could 
be  performed  by  several  elements  of  che  CD  organlzacion.  These  codes  are 
llsced  in  Table  11  of  che  reporc. 

In  application,  PAM  is  specific  for  che  set  of  conditions  in  which  the 
operations  modelled  would  be  conducted.  For  example,  system  preparedness  in 
Risk  areas  might  differ  from  chat  in  Host  areas.  And  system  preparedness  in 
relation  co  the  fraction  of  che  population  involved  might  differ  within  Risk 
and  Host  areas  depending  on  (a)  whether  people  had  relocated  from  Risk  to 
Host  areas  and  (b)  what  fraction  of  the  Risk  population  had  relocated.  All 
such  sources  of  difference  need  to  be  considered  in  order  to  decide  on  how 
many  secj  of  P AM  outputs  are  required  in  a  given  evaluation. 

The  application  of  all  of  the  PAM  system  trees  to  produce  cvo  complete 
sets  of  POPDEF  input  parameters  is  reported  in  che  companion  volume  to  this 
report: 

Walaer  E.  Strops,  John  F.  Devaney,  and  Frederick  Mlercort, 

Monte  Carlo  Population  Defense  Model:  Initial  Results, 

Center  for  Planning  and  Research,  Inc.  (August  1979) 
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SECTION  3.1 

FRACTION  OF  POPULATION  RELOCATED  IN  A  CRISIS  (FCR) 

The  part  of  P AM  Chat  produces  estimates  of  FCR  is  itself  divided  into 

three  major  parts  each  applying  to  one  of  three  groups:  (a)  people  associated 

with  participating  organizations,  (b)  general  public  moving  in  private 

automobiles ,  and  (c)  Che  remainder  of  Che  population  who  would  move  in 

vehicles  supplied  by  civil  defense.  As  will  be  seen  in  the  system  trees  for 

movement  effectiveness  (E  ,  E,,  and  E  )  and  for  readiness  (CR  and  OR), 

or  t 

these  three  parts  of  the  FCR  model  are  similar  but  also  have  significant 

differences.  They  also  interact  at  numerous  places,  as,  for  example,  where 

OR  is  an  input  to  both  E.  and  E  . 

z  c 

Crisis  relocation  is,  of  course,  entirely  a  preattack  operation.  In 
the  general  development  of  some  parts  of  the  model  (DS  and  RX  for  example), 
factors  (K)  are  Introduced  to  account  for  the  effects  of  attack.  Where 
these  parts  are  used  in  preattack  operations,  such  inapplicable  elements 
can  be  excised  or,  alternatively,  given  a  value  of  1.0,  which  has  the  same 
effect. 

The  model  for  FCR  is  static;  i.e.,  the  fraction  FCR  is  found  for  the 
end  of  the  planning  period  (usually  taken  to  be  3  days)  with  an  adjustment 
for  the  large  metropolitan  areas  (FCR^).  But  a  movement  is  dynamic  and 
some  of  Che  factors  taken  to  reduce  Che  fraction  relocating  in  a  static 
treatment  might  only  delay  Che  relocation  in  a  dynamic  treatment.  This 
delay  might  not  reduce  the  fraction  relocating  in  any  but  the  largest 
metropolitan  areas.  This  feature  of  the  model  seems  worthy  of  more  study. 


FRACTION  RELOCATED  -  FCR 


FRACTION  RELOCATED  -  FCR 


Concept 


FCR  ■  fraction  of  the  risk  area  population  who  would  move  from  the 

risk  areas  to  designated  host  areas  within  a  specified  period. 

Operation:  For  consideration  of  the  crisis  relocation  movement,  the 

people  who  move  are  in  two  classes: 

1.  Those  who  move  spontaneously  on  their  own  resources; 

i.e.,  with  neither  advice  nor  direction  by  the  government,  and 

2.  The  people  who  move  in  an  organized  movement;  i.e.,  a  movement 
planned,  directed,  and  controlled  by  the  CD  organization. 

For  purposes  of  analysis  (and  planning),  the  organized  movement  is  in 
three  parts: 

1.  Organlzat ions :  people  associated  with  organizations,  public 
or  private,  that  Intend  to  move  as  a  unit.  For  these  people, 
planning  of  the  movement  is  by  the  organization  in  cooperation 
with  CD  and,  insofar  as  is  possible,  the  organization  supplies 
the  resources  necessary  for  the  movement. 

2.  Public  in  Autos:  people  who  are  not  members  of  organizations 
who  move  in  accordance  with  the  CD  movement  plan,  at  the 
direction  of  the  government,  either 

(a)  using  their  own  automobiles  or 

(b )  accompanying  others  in  their  autos. 

3.  Public  in  Supplied  Transport:  people  who  are  not  members  of 
organizations  and  cannot  move  in  autos  and  for  whom  the  CD 
organization  arranges  for  and  supplies  transportation. 

Analysts: 

1.  Given  participating  organizations  so  that, 

K  ■  fraction  of  risk  population  associated  with  the 
participating  organizations.  Then, 
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FCR'  -  K, 
o  1 

•  fraction  of  risk  population  planned  to  relocate  as 
organizations . 

2.  Given  a  fraction  of  the  risk  population  intended  to  relocate 
as  organizations  and 

E  ■  the  fraction  of  those  who  would  actually  try  to  relocate. 
°  Then. 

FCR  -  E  •  FCR' 
o  o  o 

■  fraction  of  risk  population  actually  trying  to  relocate 
as  organizations. 

3.  Given  that  some  of  the  risk  population  can  supply  their  own 
transportation  in  their  own  autos, 

■  fraction  of  risk  population  having  autos,  and 

* 

Kj  ■  fraction  of  risk  population  without  autos  who  would  move 
with  others  who  do.  Then, 

FCR’  -  K2(l  -  Kt)  +  K5(l  -  K,)<1  -  K2) 

■  fracti'  jf  risk  population  planned  to  relocate  in 
private  autos. 

4.  Given  the  fraction  of  the  risk  population  Intended  to  relocate 
in  private  autos,  and 

Ej  •  fraction  of  those  who  would  actually  try  to  relocate. 
Then, 

FCRf  -  Ef  •  FCR j 

-  fraction  of  risk  population  actually  trying  to  relocate 
in  private  autoa. 
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Given  that  some  of  the  risk  population  would  need  transportation 
supplied  by  the  CD  organization,  then. 


FCR'  -  (1  -  KjXl  -  K,)(l  -  K5) 


■  fraction  of  risk  population  planned  to  relocate  in 
supplied  transport. 

Given  the  fraction  of  the  risk  population  intended  to  relocate 
in  supplied  transport,  and 

Ec  •  fraction  of  those  who  would  actually  try  to  relocate. 
Then, 

FCR  -  E  •  FCR' 

t  t  t 

•  fraction  of  risk  population  actually  trying  to  relocate 
in  supplied  transport. 

Given  these  three  groups  trying  to  relocate  along  ways  subject 
to  blockage  and  under  traffic  control  that  aay  be  less  than 
fully  adequate, 

IRK  *  aaxiaua  change  in  aoveaent  effectiveness  between 

(a)  not  having  any  roadway  clearing  capability  and 

(b)  having  fully  adequate  roadway  clearing  capability, 

RK  •  net  capability  to  clear  roadways. 


ILF  ■  aaxiaua  change  in  aoveaent  effectiveness  between 

(a)  not  having  any  traffic  control  capability  and 

(b)  having  fully  adequate  traffic  control  capability,  and 

LF  ■  net  capability  to  control  crisis  relocation  aoveaent 
traffic.  Then, 


E  -  (FCR  ♦  FCR,  ♦  FCR  Hi  -  -1RK(1  -  RK)  Hi  -  1LF(1  -  LF) } 
cr  o  t  t 

•  fraction  of  relocating  risk  population  who  could  move  to  the 
areas  if  not  precluded  by  adverse  weather  or  the  constraint 
of  the  specified  tlae  Halt. 
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As  lc  now  scands,  the  model  says  chat  the  net  effect  of  IRK  and  ILF 
Is  to  prevent  some  people  from  reaching  the  host  areas  with  no 
consideration  for  the  size  of  the  populations  in  the  individual  risk 
areas.  It  says  chat  traffic  Jams  resulting  from  blocked  roadways  or 
imperfect  traffic  control  either  dissuade  some  people  from  trying  to 
move  or  preclude  chose  trying  to  move  from  moving.  But  traffic 
interruptions  reduce  the  rate  at  which  people  would  leave  the  risk 
area;  they  do  not  scop  traffic  permanently.  As  the  interruptions 
disappear,  traffic  would  move,  chose  dissuaded  could  again  change 
their  minds,  and  chose  crying  to  move  could  proceed.  Then,  traffic 
interruptions  would  preclude  people  from  reaching  the  host  areas 
only  in  chose  places  where  the  population  is  so  large  that  all  of  chose 
trying  to  move  could  not  get  out  within  the  specified  time  limit. 

Thus,  the  mooei  as  it  now  scands  tends  to  underestimate  the 
effectiveness  of  the  movement  and  it  appears  that  it  should  be  revised. 

3.  Given  chat  some  of  the  people  who  move  to  the  host  areas  are 
essential  workers  who  would  commute  back  to  the  risk  areas  to 
work  so  that, 

XK  •  fraction  of  the  risk  population  who  are  key  workers 
in  the  risk  area  at  the  time  of  the  attack.  Then, 

FCR  -  E  -  XK 
n  cr 

•  fraction  of  the  risk  population  who  would  be  in  the 
host  areas  at  Che  time  of  Che  attack  if  not  precluded 
by  adverse  weather  or  by  the  constraint  of  the  specified 
time  limit. 

9.  Given  chat  adverse  weather  could  preclude  some  of  the  risk 
population  from  moving  to  host  areas, 

FP^  •  fraction  of  risk  population  subject  to  adverse  weather, 
ano 

Py  •  probability  of  occurrence  of  adverse  weather.  Then, 


■  fraction  of  risk  population  who  would  have  otherwise 
moved  to  the  host  areas  who  are  precluded  by  adverse 
weather. 
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10.  Given  chat 

(4)  ail  of  che  risk  area  population  could  aove  co  Che  hose 
areas  if  sufficient  movement  cine  were  available  and 
(b)  there  is  a  finite  probability  chat  che  attack  would  not 
occur  until  some  time  after  the  specified  planning  period. 

FCR  ■  fraction  of  risk  population  who  could  not  aove  to  the 
e  host  areas  within  the  specified  period,  and 

P  •  probability  chat  the  attack  would  occur  at  the  end  of 
the  specified  period.  Then, 

K,  -  FCR  •  P 

4  e  e 

•  fraction  of  risk  population  who  could  not  aove  to  the 
host  areas  before  che  attack  occurred  because  of 
insufficient  aovenent  ciae. 

11.  Given  chat  ion*  of  chose  who  would  otherwise  be  in  the  host  areas 
at  che  ciae  of  the  attack  would  be  precluded  either  because  of 
adverse  weather  or  Insufficient  movement  tiae,  then 

FCR  -  FCR  (1  -  K,)(l  -  K,) 
n  J  •* 


■  fraction  of  risk  population  who  would  be  in  che  host 
areas  at  che  ciae  of  the  attack. 


CRISIS  RELOCATION  -  ORGANIZATION 
MOVEMENT  EFFECTIVENESS  -  E0 
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CRISIS  RELOCATION  - 

ORGANIZATION  MOVEMENT  EFFECTIVENESS  -  E 

o 


Concept 


E  “  net  effectiveness  of  organization  relocation  movement;  i.e. ,  the  fraction 
0  of  those  of  the  risk  area  population  planned  to  move  as  organizations  who 
would  actually  be  able  to  try  to  move. 

Operation:  Participating  organizations  would  plan  to  move  their  people  in 

cooperation  with  the  CD  organization  and  would  supply  needed 
resources  to  the  limit  of  their  ability. 

Analysis : 

1.  Given  participating  organizations  with  movement  plans  that  rely 
in  part  on  members  of  the  organization  using  their  own  autos 
and  in  part  on  transport  supplied  by  the  organization  so  that, 

XA  •  net  adequacy  of  movement  plans  of  participating 
organizations.  Then, 

CCE’  -  XA 

■  fraction  of  the  organization  population  who  would  have 

transport  if  all  planned  vehicles  would  operate  when  needed. 

2.  Given  that  the  readiness  of  the  organization  population  to  move 
includes  assurance  that  their  vehicles  have  sufficient  fuel,  etc., 
to  reach  the  host  area  destination  so  that, 

CR  ■  fraction  of  organization  population  ready  and  willing  to 
move.  Then, 

CCM*  -  CR 

•  fraction  of  organization  population  who  would  have 

sufficient  fuel,  etc.,  provided  that  civil  defense  or  the 
participating  organization  could  supply  necessary  additional 
amounts. 
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3.  Given 

(a)  a  function  of  the  resource  service  is  to  supply  aaterlals  and 

(b)  s  function  of  the  participating  organization  is  to  assure  that 
the  resource  service  can  supply  fuel,  etc.,  for  the 
organization's  population, 

ARB  “  aaxlaua  change  in  adequacy  of  fuel,  etc.,  for  the 
population  of  participating  organizations  between 

(a)  not  having  any  resource  service  supply  capability  and 

(b)  having  fully  adequate  resource  service  supply  capability,  and 

XA  •  R3 

■  net  capability  of  resource  service  to  supply  fuel,  etc., 
for  population  of  participating  organizations.  Then, 

CCM  •  CCM'U  -  ARSd  -  RB)} 

■  net  adequacy  of  fuel,  etc.,  for  vehicles  of  population 
of  participating  organizations. 

i.  Given  that  not  all  of  the  vehicles  planned  for  transporting  the 
population  of  partlc lpat lng  organizations  would  operate  when 
needed  so  that, 

K.  -  fractional  reliability  of  vehicles  for  organization 
aoveaent.  Then, 

CCS  •  •  CCE ’ 

■  fraction  of  organization  population  having  available 
transport  In  organization  vehicles  if  sufficient  fuel, 
etc.,  is  available. 

3.  Given  that  the  availability  of  fuel,  etc.,  aav  be  Insufficient 
so  that, 

ACCM  •  <«*•«<  —■">  change  in  transport  capability  of  organization 
vehicles  between 

(a)  not  having  any  fuel,  etc.,  available  and 

(b)  having  fully  adequate  supplies  of  fuel,  etc., 
available.  Then, 


CC  •  CCE(1  -  ACCX(1  -  CCM) } 


■  fraction  of  organization  population  who  could  be 
transported  in  organization  vehicles. 

Clvao 

(a)  that  the  resource  service  would  supply  transport  for  those 

of  the  organization  population  who  could  not  aove  in  organization 
vehicles  and 

(b)  chat  these  two  transport  capabilities  are  redundant,  and 

RC  -  net  adequacy  of  transport  supplied  by  the  resource 
aervlce.  Then, 

C  •  CC  ♦  RC  -  CC  •  RC 
c 

■  fraction  of  the  organization  population  who  could  be 
transported  in  a  relocation  movement. 

Given  that  some  fraction  K„  of  the  organization  population 
ready  and  willing  to  aove  would  be  unable  to  accompany  the 
organization  because  of  Illness  or  injury,  then, 

1*  -  CR( 1  -  K,) 

O  a. 

•  fraction  of  organization  population  who  are  ready  and 
able  to  aove  given  transportation  and  a  Presidential 
dec laratlon. 

Clven  a  fraction  of  the  organization  population  ready  and  able 
to  aove  and  a  capability  to  transport  them  if  a  crisis  relocation 
is  ordered, 

ADD  •  maximum  change  In  fraction  of  organization  population 
0  crying  to  move  between 

(a)  not  having  a  Presidential  declaration  and 

(b)  having  a  Presidential  declaration,  and 

3D  •  occurrence  of  Presidential  declaration  (•  0  or  1). 

Then , 

E  •  E'  •  C  (1  -  ADD  (1  -  DO)} 
o  o  c  o 

-  fraction  of  population  of  participating  organizations 
who  would  try  to  move  in  a  crisis  relocation  movement. 


POTINTCft 

M/AUTO 

if1 


CRISIS  RELOCATION 

MOVEMENT  EFFECTIVENESS  WITH  AUTO  -  Ef 
Concepc 


Ef  ■  net  effectiveness  of  relocation  movement  of  public  with  autos;  i.e., 
the  fraction  of  chose  of  the  risk  area  population,  not  associated 
with  participating  organizations ,  planned  to  move  in  private  autos 
who  would  actually  be  able  co  cry  to  move. 

Operations:  Members  of  Che  risk  area  public  who  have  their  own  automobiles 
and  are  ready  and  willing  will  move  to  the  host  areas  in  them 
if  the  vehicles  will  operate.  Civil  defense  will  supply  transport 
for  those  planned  to  use  their  own  autos  but  whose  autos  will  not 
be  operable  when  needed. 

Analysis: 

1.  Given  a  fraction  of  the  risk  public  planned  to  relocate  in  private 
auto  and  ready  and  willing  to  go  so  chat, 

OR  •  fraction  of  the  risk  public  ready  and  able  to  move.  Then, 
OCE’  -  OR 

•  fraction  of  the  riak  public  with  autos  if  they  will 
operate  when  needed. 

2.  Given  that  not  all  of  the  autos  planned  for  use  in  relocation 
will  operate  when  needed  so  that, 

X  ■  fraction  of  autos  planned  for  public  transport  in 
relocation  movement  that  will  operate  when  needed 
given  fuel,  etc.  Then, 

OCE  -  KL  •  OCE' 

•  fraction  of  the  risk  public  who  are  planned  to  relocate 
in  private  autos  who  will  have  operable  autos. 
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Given  that  Che  fraction  of  Che  risk  public  ready  and  able  Co 
stove  In  aucos  should  have  assured  Chat  they  have  sufflcienc 
fuel,  etc.  Then, 

OCM'  -  OR 

•  fraction  of  risk  public  planned  to  relocate  in  private 
aucos  vho  would  have  sufficient  fuel,  etc..  If  resupplied. 

Given  che  resource  service  supply  function  so  that, 

1RB  -  maximum  change  in  adequacy  of  fuel,  ecc.  for  private 
aucos  between 

(a)  not  having  any  resource  service  supply  capability,  and 

(b)  having  fully  adequate  resource  service  supply 
capability,  and 

RB  •  net  capability  of  resource  service  to  supply  fuel,  etc., 
for  private  autos.  Then, 

OCM  -  OCM' {1  -  1RB(1  -  RB)} 

■  fraction  of  risk  public  planned  to  stove  in  private 
autos  who  would  have  sufflcienc  fuel,  etc. 

Given  chat  transportation  of  people  in  private  autos  depends 
on  having  fuel,  etc.  so  that, 

AOCM  "  maximum  change  in  capability  to  transport  people  in 
autos  between 

(a)  not  having  any  fuel,  etc.,  and 

(b)  having  fully  adequate  supplies  of  fuel,  etc.  then, 
OC  •  0CE{1  -  iOCMd  -  OCM)} 

■  fraction  of  risk  public  planned  to  relocate  in  private 
autos  who  could  actually  be  transported  in  them. 

Given 

(a)  chat  the  transport  capability  of  private  autos  -  OC  may 
be  lees  chan  1.0, 

(b)  chat  the  resource  service  should  supply  transport  to 
relieve  the  shortfall,  and 

(c)  chat  transport  by  private  auto  and  supplied  transport 
ace  redundant,  and 

RC  •  fraction  of  risk  public  for  whoa  resource  service  can 
supply  transport.  Then, 
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Cf  •  OC  ♦  RC  -  OC  •  RC 

■  fraction  of  risk  public  planned  to  relocate  in  private 
autos  who  can  actually  be  transported  by  all  means. 

Given  that  some  of  those  of  the  risk  public  who  are  planned 
to  move  in  autos  will  be  unable  to  move  in  then  because  of 
illness  or  injury  so  that, 

K.,  ■  fraction  of  those  of  the  risk  public  planned  to  move 
in  autos  who  are  unable  to  go.  Then 

Ej  -  0R( 1  -  K2) 

■  fraction  of  those  of  the  risk  public  planned  to  move 

in  autos  who  are  ready  and  able  to  go  given  transportation 
and  a  Presidential  declaration. 

Given  a  fraction  of  the  risk  public  ready  and  able  to  move  and 
a  capability  to  transport  them, 

.IDDf  -  maximum  change  in  fraction  of  risk  public,  planned  to 
move  in  private  autos,  actually  trying  to  move  between 

(a)  not  having  a  Presidential  declaration  and 

(b)  having  a  Presidential  declaration,  and 

DD  •  occurrence  of  Presidential  declaration  (■  0  or  1). 

Then, 

Ef  "  Ef  *  Cf{l  "  ^M1  ~  DD)} 

■  fraction  of  risk  public  planned  to  move  in  autos  actually 
trying  to  move  in  a  crisis  relocation  movement. 


CHIUS  HilOCAllOM  MOVtMtNI  IMtCIIVINtSS  SUmitD  1R 
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CRISIS  RELOCATION 

MOVEMENT  EFFECTIVENESS  -  SUPPLIED  TRANSPORT  -  E„ 


Er  ■  net  er fectiveness  of  relocation  movement  of  public  vlchouc  autos;  i.e., 
the  fraction  of  chose  of  the  risk  area  population,  not  associated  with 
participating  organizations,  planned  to  move  in  transport  supplied  by 
the  CD  organization  who  would  actually  be  able  to  try  to  move. 

Operation :  Members  of  the  risk  area  population  who  do  not  have  autos  and 
cannot  move  with  chose  who  do  will  be  transported  in  vehicles 
supplied  and  operated  by  the  resource  service.  Management  of 
Che  movement  —  including  assembly  cf  the  people  at  ioading 
poincs  and  loading  of  the  vehicles  —  will  be  by  the  warden 
service  with  information  support  by  D&C  and  maintenance  of 
order  support  by  the  police  service. 

Analys is : 

1.  Given  a  warden  service  with  a  crisis  relocation  movement  staff, 

WER^  -  fraction  of  risk  population  with  adequate  movement 
staff  at  program  start,  and 

AWER  ■  net  additional  fraction  for  whom  movement  staff  is 
recruited  In  program.  Then, 

WER  -  VfER  ♦  AVER 
o 

■  fraction  of  risk  population  with  adequate  movement 
staff  at  program  completion. 

2.  Given  an  on-board  warden  service  movement  staff  that  should 
be  trained  for  crisis  relocation  movement  management, 

WET  •  fraction  of  risk  population  with  adequate  trained 
movement  staff  at  program  start,  and 

AWET  •  net  additional  fraction  for  whom  movement  staff  is 
trained  in  program.  Then, 

WET  -  WET  +  AWET 

o 

•  fraction  of  risk  population  with  adequate  trained 
movement  staff  at  program  completion. 
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Given  chat  some  of  the  movement  staff  may  be  lost  because 
of  staff  turnover  either  before  or  after  being  trained,  then, 

WES'  -  Min  WER  :  WET 

■  traction  of  the  risk  population  with  adequate  movement 
staff  who  have  had  individual  training  in  crisis 
relocation  movement  management. 

Given  that  organization  exercise  in  emergency  operations  can 
increase  staff  capability  so  chat, 

API  ■  maximum  change  in  movement  staff  capability  between 

(a)  not  having  any  exercise  of  the  movement  staff  and 

(b)  having  fully  adequate  exercise  of  the  movement  staff,  and 

?I  •  net  adequacy  of  exercises  for  training  of  the  movement 
staff.  Then, 

WES  -  WES ' { 1  -  API ( 1  -  PI)} 

■  fraction  of  the  risk  population  having  fully  competent 
movement  staff  at  program  completion. 

Given  that  the  warden  service  could  have  service  communications 
for  the  movement  staff  so  that, 

WEC  •  fraction  of  the  risk  population  with  adequate 

communications  for  the  movement  staff  at  program  start,  and 

AVEC  ■  net  additional  fraction  for  whom  movement  staff  communications 
are  procured  in  program.  Then, 

WEC  -  WEC  ♦  A WEC 
o 

■  fraction  of  risk  population  with  adequate  movement  staff 
communications  at  program  completion. 

Given  that  the  warden  service  could  have  facilities  for  managing 
the  movement  of  people  in  supplied  transport, 

WEF  -  fraction  of  risk  population  with  adequate  movement 
facilities  at  program  start,  and 
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1WEF  •  net  additional  fraction  for  whom  facilities  are 
procured  in  program.  Then, 

WEF  -  WEF  ♦  A  WEF 

o 

■  fraction  of  risk  population  with  adequate  movement 
facilities  at  program  completion. 

Clven  that 

(a)  cosmiunl cat  ions  and  facilities  can  enhance  the  management 
capability  of  the  movement  staff  and 

(b)  it  would  be  limited  by  the  lesser  of  them, 

AWEC  "  maximum  change  in  movement  staff  capability  between 

(a)  not  having  any  communications  and 

(b)  having  fully  adequate  communications,  and 

AWEF  •  maximum  change  in  mover ent  staff  capability  between 

(a)  not  having  any  facilities  and 

(b)  having  fully  adequate  facilities.  Then, 

WE*  -  WES  •  Hin-l  -  AWEC(1  -  WEC) }  :  {1  -  AWEF(1  -  WEF)} 

•  fraction  of  risk  population  with  adequate  capability 
to  move  people  in  supplied  transport  given  the 
necessary  support. 

Clven  that  the  CO  organization  should  supply  support  to  the 
warden  service  in  transporting  people, 

ALE  “  maximum  change  in  transport  capability  between 

(a)  not  having  any  police  service  maintenance  of 
order  at  loading  points  and 

(b)  having  fully  adequate  police  service  maintenance 
of  order, 

LE  •  net  capability  of  police  service  to  maintain  order  at 
loading  points, 

ARC  •  maximum  change  in  transport  capability  between 

(a)  not  having  any  supply  of  vehicles  by  the  resource 
service  and 

(b)  having  fully  adequate  supply  of  vehicles. 


RC 


net  capability  of  resource  service  to  supply  and  operate 
tranaport  vehicles. 


ADX  -  maxi sum  change  In  transport  capability  between 

(a)  not  having  any  D&C  capability  to  inform  the 
warden  service  and 

(b)  having  fully  adequate  D&C  system  information  capability 

OX  •  net  capability  of  D&C  to  supply  system  information  to  the 
warden  service, 

APB  “  maximum  change  in  transport  capability  between 

(a)  not  having  the  activity  treated  in  operations  plans  and 

(b)  having  fully  adequate  treatment  in  operations  plans, 

PB  •  net  adequacy  of  treatment  of  movement  by  supplied  transport 
in  operations  plans, 

API  ■  maximum  change  in  transport  capability  between 

(a)  not  having  any  exercise  of  the  CD  organizations  in 
crisis  relocation  movement  and 

(b)  having  fully  adequate  organization  exercise,  and 

PI  •  net  adequacy  of  exercise  of  the  CD  organization  in 

crisis  relocation  movement  in  supplied  transport.  Then, 

WE  •  WE’{1  -  ALE(  1  -  LE)}{1  -  ARC(1  -  RC)  Hi  -  ADX(  1  -  DX) } 

(1  -  APBC1  «  PB  Hi  -  APKI  -  PT )  > 

•  fraction  of  the  risk  population  who  can  be  transported 
in  supplied  transport  in  a  crisis  relocation  movement. 

Clven  that  not  all  of  chose  of  the  risk  public  resdy  and  willing 
to  move  could  move  because  of  Illness  or  injury  so  that, 

X  •  fraction  of  those  ready  and  willing  to  move  who  would 
be  unable  to  go.  Then, 

E’  -  0R( 1  -  X) 

•  fraction  of  the  risk  population  planned  to  move  in 
supplied  transport  who  would  be  ready  and  able  to  move 
given  transportation  and  a  Presidential  declaration. 
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10.  liven  a  fraction  of  the  risk  population  ready  and  able  to 

move  and  a  capability  to  transport  then, 

■  aaxiaum  change  in  fraction  of  risk  public,  planned  to 
aove  In  supplied  transport  actually  trying  to  aove 
between 

(a)  not  having  a  Presidential  declaration  and 

(b)  having  a  Presidential  declaration,  and 

00  •  occurrence  of  Presidential  declaration  (■  0  or  1). 
Then, 

Et  "  Et  *  WE'1  ‘  iDDt)(l  ‘  DD)  > 

■  fraction  of  risk  public  planned  to  aove  in  supplied 
transport  actually  trying  to  aove  in  a  crisis  relo¬ 
cation  novement. 
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CRISIS  RELOCATION 

FRACTION  OF  RISK  POPULATION  UNABLE  TO  RELOCATE 
BECAUSE  OF  INSUFFICIENT  TIME  -  FCR 


FCR^  ■  friction  of  risk  area  population  unable  to  complete  a  crisis 
relocation  movement  within  the  specified  time  limit. 

Operation:  In  planning  for  crisis  relocation  a  period  for  movement  from 

risk  to  host  areas  in  a  directed  relocation  is  specified  as 
a  planning  goal.  Because  of  the  numbers  of  people  to  be 
moved  in  some  of  the  largest  metropolitan  areas,  it  may  not 
be  possible  to  move  all  of  the  people  within  the  specified 
planning  period.  The  numbers  to  be  moved  in  the  directed 
movement  would  be  reduced  by  the  numbers  of  those  who  would 
relocate  spontaneously;  l.e.,  those  who  would  relocate  on 
their  own  initiative  without  a  Presidential  declaration. 


Analysis: 


j..  Given  that  some  of  the  fraction  of  the  risk  area  population 

planned  to  move  with  participating  organizations  could 
relocate  spontaneously, 

FCR^  •  fraction  of  risk  population  planned  to  relocate  with 
participating  organizations,  and 


ADDq  -  fraction  of  organization  population  who  would  decide 
to  relocate  because  of  a  Presidential  declaration. 
Then, 

FCRso  -  rCR;(l  -  ADD,) 

•  fraction  of  risk  population  planned  to  relocate  with 
participating  organizations  who  would  be  expected  to 
relocate  spontaneously. 
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Given  that  some  of  che  fraction  of  the  risk  area  population 

planned  to  move  in  private  autos  could  relocate  spontaneously, 

FCR^  •  fraction  of  risk  population  planned  to  relocate  In 
private  autos,  and 

ADD.  •  fraction  of  population  with  aut'»s  who  would  decide  to 
relocate  because  of  a  Presidential  declaration.  Then, 

FCRjf  -  FCR^d  -  ADDf) 

•  fraction  of  risk  population  planned  to  relocate  in 
private  autos  who  would  be  expected  to  relocate 
spontaneously. 

Given  that  some  of  the  fraction  of  the  risk  area  population 

planned  to  move  in  supplied  transport  could  relocate  spontaneously, 

FCR’  ■  fraction  of  risk  population  planned  to  relocate  In 
supplied  transport,  and 

ADD  •  fraction  of  population  with  supplied  transport  who 
c  would  decide  to  relocate  because  of  a  Presidential 
declaration.  Then, 

FCRsC  -  FCR^d  -  ADDt) 

-  fraction  of  risk  population  planned  to  relocate  In 
supplied  transport  who  would  be  expected  to  relocate 
spontaneously. 

Given  these  three  groups  Independently  relocating  spontaneously, 

FCR  -  FCR.  ♦  FCR.  ♦  FCR 

s  so  st  sc 

-  fraction  of  risk  population  who  would  be  expected  to 
relocate  spontaneously. 

Given  chat  some  fraction  of  the  risk  population  would  be  unable 
to  relocate  within  che  movement  period  specified  for  planning 
so  that, 

FCR*  ■  fraction  of  risk  population  who  would  be  unable  to 
*  relocate  within  the  specified  planning  period  If  no 
spontaneous  relocation  occurred.  Then, 

FCR#  -  FCR^d  -  FCRf) 

■  fraction  of  Che  risk  population  who  would  be  unable  to 
relocate  within  che  movement  period  specified  for  planning. 
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CRISIS  RELOCATION  -  FRACTION  OF  ORGANIZATION 
POPULATION  READY  AND  WILLING  TO  MOVE  -  CR 

Cone ape 

CR  •  fraction  of  the  population  associated  with  participating  organizations 
who  are  ready  and  willing  to  move  in  a  crisis  relocation  movement. 

Operation:  People  need  to  be  informed  as  to  what  they  must  do  to  participate 

in  a  relocation  movement  and  to  be  persuaded  to  do  it.  The  specifics 
of  the  information  come  from  the  organization's  movement  plan  and 
are  disseminated  by  the  management  and  also  by  members  of  the 
organization.  General  situation  information  is  disseminated  by 
D&C . 


Analysis :  (System  tree  overleaf) 

1.  Given  participating  organizations  with  movement  plans  so  that, 

XA  •  net  adequacy  of  treatment  of  specific  information  in 
organization  movement  plan.  Then, 

CM'  -  XA 

“  fraction  of  organization  population  to  whom  management  is 
trying  to  give  specific  information. 

2.  Given  that  the  management  may  not  be  fully  effective  in 

Informing  its  members  so  that, 

“  relative  capability  of  management  in  Informing  organization 
population.  Then, 

CM  -  R.  •  CM' 

■  fraction  of  organization  population  who  are  specifically 
informed  by  management. 

3.  Given  that 

(a)  having  an  organization  movement  plan  would  cause  some 
fraction  of  the  organization  population  to  be  willing  to 
relocate, 

(b)  that  EPI  public  preparedness  activities  would  cause  another, 
redundant  fraction  to  be  willing,  and 

(c)  that  some  fraction  would  be  unwilling  to  relocate  in  any  event. 


B-33 


I  •  fraction  willing  to  relocate  because  of  EPI  public 
preparedness, 

XA  ■  fraction  willing  to  relocate  because  of  movement  plans,  and 
Kj  •  fraction  unwilling  to  relocate  under  any  circumstances,  then, 

CR'  -  (XA  +  I  -  XA  •  I  HI  -  K,) 

c  c  J 

4.  Given  that  some  of  the  members  of  the  organization  who  are  willing 
to  relocate  would  attempt  to  inform  others  so  that, 

K,  ■  fraction  of  willing  members  who  would  attempt  to  inform 
others.  Then, 

CW'  •  K,  •  CR' 

•4 

■  fraction  of  organization  population  trying  to  Inform  others. 

5.  Given  that  members  of  the  organization  may  not  be  fully  effective 
in  informing  others  so  that, 

*  relative  capability  of  organization  members  in  informing 
others.  Then, 

CW  -  CW'U  +  v) 

■  fraction  of  organization  population  who  can  be  informed  by 
other  members  of  the  organization. 

6.  Given  that  any  member  of  the  organization  can  be  informed  either 
by  the  management  or  by  another  member  but  need  be  Informed  only 
once,  then, 

E  •  CM  ♦  CW  -  CM  •  CW 
c 

•  fraction  of  organization  population  given  specific  information. 

7.  Given  a  D&C  capability  to  disseminate  general  Information  in  which 
it  may  not  be  fully  effective, 

DS  "  fraction  of  population  with  adequate  public  information 
capability,  and 

K  -  relative  capability  of  D&C  to  inform  organization  population. 
Then, 
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•  fraction  of  organization  population  who  can  be  informed 
by  D&C. 

Civen  two  redundant  ways  in  which  the  organization  population 
can  be  informed,  then, 

E  -  E  +  E .  •  E  E . 
s  c  d  c  d 

■  fraction  of  organization  population  who  can  be  informed 
about  the  crisis  relocation  movement. 

Given  chat  having  knowledge  of  Che  preparations  being  made  in 
the  host  area  for  reception  and  care  and  for  sheltering  will 
affect  the  number  of  organization  people  willing  to  move  and 
that  the  media  will  make  information  about  the  state  of  these 
preparations  known, 

.1SH  ■  maximum  change  in  fraction  of  organization  population 
willing  to  relocate  between 

(a)  having  a  perception  chat  host  area  shelter  preparations 
are  not  adequate  and 

(b)  having  a  perception  that  host  area  shelter  preparations 
are  fully  adequate, 

SH  "  perceived  adequacy  of  host  area  shelter  preparations, 

£WX  -  maximum  change  in  fraction  of  organization  population 
willing  to  relocate  between 

(a)  having  a  perception  that  host  area  preparations  for 
reception  and  care  are  not  adequate  and 

(b)  having  a  perception  chat  reception  and  care  preparations 
are  fully  adequate,  and 

WX  “  perceived  adequacy  of  host  area  preparations  for  reception 
and  care.  Then, 

CR  -  CX’  •  E  {1  -  £SH(1  -  SH)}{1  -  £WX(1  -  WX)> 


fraction  of  organization  population  ready  and  willing  to 
move  in  a  crisis  relocation. 


CRISIS  RELOCATION  -  FRACTION  OF  THE  PUBLIC 
READY  AND  WILLINC  TO  MOVE  -  OR 

Concept 

OR  ■  fraction  of  the  risk  area  public  not  associated  with  participating 

organizations  who  are  ready  and  willing  to  move  in  a  crisis  relocation 
movement . 

Operation:  People  need  to  be  informed  as  to  what  they  must  do  to  participate 

in  a  relocation  movement  and  to  be  persuaded  to  do  it.  The 
specifics  of  the  information  come  from  the  movement  plan  and  are 
disseminated  by  DAC  with  the  assistance  of  public  safety  services 
(police)  and  the  warden  service.  In  addition,  some  people  would 
Inform  and  persuade.  All  of  these  means  are  redundant.  In 
addlcion,  DAC  disseminaces  general  information  about  crisis 
relocation. 

■Analysis  :  (System  tree  overleaf) 

1.  Given  a  DAC  with  a  public  information  capability  that  may  be 
less  than  fully  effective, 

DS  -  net  capability  of  DAC  to  disseminate  specific 
relocation  information  for  the  public,  and 

■  relative  capability  of  DAC  to  Inform  the  public  then, 

E  -  X,  •  DS 
d  1 

•  fraction  of  risk  public  given  specific  relocation 
movement  information  by  DAC. 

2.  Given  that  the  public  safety  services  (police)  could  inform 
the  public  if  called  for  in  the  operations  plan, 

LX'  •  fraction  of  risk  population  with  police  service  adequate 
for  Informing  the  public, 

APB  •  maximum  change  in  police  capability  to  inform  the  public 

between 

(a)  not  having  this  activity  treated  in  the  operations 
plan  and 

(b)  having  this  activity  adequately  treated  in  the 
operations  plan,  and 
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PB  •  net  adequacy  of  treatment  of  police  inforaing  activity 
in  operations  plan.  Then, 

LK  -  LK' {l-iPB(l-PB) } 

■  fraction  of  the  risk  public  with  police  trying  to 
lnfora  them. 

Given  that  the  police  aay  not  be  fully  effective  in  inforaing 
the  public  so  that, 

■  relative  capability  of  police  in  informing  the  public. 

Then , 

-  K,  •  LX 

•  fraction  of  risk  public  who  can  be  informed  by  police 

Given  that  the  warden  service  could  inform  the  public  if 
called  for  in  the  operations  plan, 

WY'  -  fraction  of  risk  public  with  warden  service  adequate 
for  Informing  the  public, 

iPB  ■  maximum  change  in  warden  capability  to  inform  the  public 

between 

(a)  not  having  this  activity  treated  in  the  operations 
plan  and 

(b)  having  tnis  activity  adequately  treated  in  the  operations 
plan,  and 

PB  ■  net  adequacy  of  treatment  of  warden  informing  activity  in 
operations  plan.  Then, 

VY  -  WY' {l-APB(l-PB)} 

•  fraction  of  the  risk  public  with  warden  trying  to  Inform 
them. 

Given  that  the  warden  service  may  not  be  fully  effective  in 
informing  Che  public  so  that, 

K j  •  relative  capability  of  warden  service  in  Informing  the 
public.  Then, 
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Ew  *  S  *  W 

-  fraction  of  risk  public  who  can  be  Informed  by  warden 
service. 

6.  Given  EPI  activities  to  prepare  the  public  for  crisis  relocation, 

a  separate  D&C  capability  to  disseminate  general  relocation  infor¬ 
mation,  and  some  fraction  of  the  public  unwilling  to  relocate, 

I,  ■  fraction  of  risk  public  who  would  be  ready  and  willing 
to  relocate  if  informed  because  of  EPI  public 

preparedness , 

DS  •  fraction  of  risk  public  who  would  be  ready  and  willing 
to  relocate  if  Informed  because  of  D&C  general  public 
information. 

■  fraction  unwilling  to  relocate  under  any  circumstances, 
then, 

OR'  -  (I  +  DS  -  I  •  DS ) ( 1  -  K,) 
c  c  o 

■  fraction  of  risk  public  who  would  be  ready  and  willing  to 
relocate  if  Informed. 

7.  Given  chat  some  fraction  of  che  potentially  ready  and  willing 
risk  public  would  cry  Co  inform  others.  Then, 

Kj  •  fraction  of  the  potentially  ready  and  willing  risk 
public  who  would  try  to  Inform  others.  Then, 

OS  •  Kj  •  OR* 

-  fraction  of  risk  public  crying  to  Inform  others. 

8.  Given  that  members  of  the  public  may  not  be  fully  effective 
in  Informing  others  so  that, 

K,  •  relative  capability  of  the  public  to  Inform  others. 

"  Then, 

E  -  OS  +  K.  •  OS 
O  4 

•  fraction  of  risk  public  Informed  by  other  members  of  the 
public. 

9.  Given  chat  any  member  of  the  public  could  be  Informed  by  any 
of  che  four  means  but  need  not  be  Informed  more  than  once. 


* 
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I 


E 

s 


E  .  l,  +  E  ♦  E 
d  4  w  o 


-  E.E,  -  E  ,E  -  E.E 
d  1  d  v  do 


E.E  -  E.E 

i  w  l  o 


E  E 
v  o 


♦  E.E.E^  ♦  E^E.E  ♦  E.E  E  ♦  E.E  E 
d  £  w  dZo  dwo  i  w  o 

-  E  .E.E  E 
d  t  W  o 

fraction  of  the  risk  public  Informed  about  the  crisis 
relocation  movement. 


10.  Civen  that  having  knowledge  of  the  preparations  being  made  in 
the  host  area  for  reception  and  care  and  for  sheltering  will 
affect  the  number  of  people  willing  to  move  and  that  the  media 
will  make  information  about  the  state  of  these  preparations  known. 


ASH  *  maximum  change  in  fraction  of  risk  public  willing  to 
relocate  between 

(a)  having  a  perception  that  host  area  shelter  preparations 
are  not  adequate  and 

(b)  having  a  perception  that  host  area  shelter  preparations 
are  fully  adequate, 

SH  ■  perceived  adequacy  of  host  area  shelter  preparations, 

AWX  •  maximum  change  in  fraction  of  risk  public  willing  to 
relocate  between 

(a)  having  a  perception  that  host  area  preparations  for 
reception  and  care  are  not  adequate  and 

(b)  having  a  perception  chat  reception  and  care 
preparations  are  fully  adequate,  and 

WX  -  perceived  adequacy  of  host  area  preparations  for 
reception  and  care.  Then, 

OR  -  OR'  •  ^  {1  -  ASH(1  -  SH)}{1  -  AWX(1  -  WX) } 

■  fraction  of  risk  area  public  ready  and  willing  to  move  in 
a  crisis  relocation. 


IVMf 
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CRISIS  RELOCATION 

SUPPLIED  TRANSPORT  CAPABILITY  -  RC 


Concept 

RC  ■  net  capability  of  the  resource  service  to  supply  and  operate  vehicles 
to  transport  people  lr.  a  crisis  relocation  movement. 

Operation:  The  resource  service  has  the  function  of  supplying  transportation 

in  a  crisis  relocation  movement  for  those  who  cannot  move  in  their 
ovn  autos  or  with  others  who  can.  In  this  case,  "supply"  would 
likely  mean  to  arrange  with  transit  companies,  school  bus  fleets, 
and  the  like  to  supply  vehicles,  drivers,  dispatchers, 
maintenance  personnel,  etc. 

Analysis: 

1.  Given  a  resource  service  with  a  transportation  staff  Including 

CD  organization  personnel  and  those  who  would  operate  the  vehicles 
by  arrangement, 

RCR^  •  fraction  of  risk  population  with  adequate  transport  staff 
at  program  start,  and 

ARCR  -  net  additional  fraction  for  whom  transport  staff  is 
recruited  in  program.  Then, 

RCR  -  RCR  ARCR 
o 

■  fraction  of  risk  population  with  adequate  transport  staff 
at  program  completion. 

2.  Given  an  on-board  transport  staff  who  would  be  trained  in  crisis 
relocation  movement, 

RCTq  ■  fraction  of  risk  population  with  adequate  trained  transport 
staff  at  program  start,  and 

ARCT  ■  net  additional  fraction  for  whom  transport  staff  is 
trained  in  program.  Then, 

RCT  •  RCT  +  ARCT 
o 

-  fraction  of  risk  population  with  adequate  trained  transport 
staff  at  program  completion. 


B-42 


Given  Chat  some  of  the  transport  staff  may  be  lost  because  of 
staff  turnover  either  before  or  after  training,  then, 

RCS '  •  Min  RCR  :  RCT 

■  fraction  of  risk  population  with  adequate  transport 
staff  individually  trained  for  crisis  relocation  movement. 

Given  that  service  exercise  for  training  can  enhance  staff 
capability  so  that, 

API  ■  maximum  change  in  transport  staff  capability  between 

(a)  not  having  any  service  exercise  for  training  and 

(b)  having  fully  adequate  service  exercises,  and 

PI  •  net  adequacy  of  transport  staff  exercises.  Then, 

RCS  -  RCS'{1  -  API(1  -  PI)} 

■  fraction  of  risk  population  with  adequate,  competent 
transport  staff  at  program  completion. 

Given  that  transport  vehicles  require  fuel,  etc.  available 
when  needed, 

RCM  ■  fraction  of  risk  population  with  adequate  availability 
°  of  fuel,  etc.  at  program  start,  and 

ARCM  ■  net  additional  fraction  for  whom  availability  of  fuel, 
etc.  is  arranged  in  program.  Then, 

RCM'  ■  RCM  ♦  ARCM 
o 

•  fraction  of  risk  population  with  adequate  availability 
of  fuel  etc.  at  program  completion  provided  resupply  is 
available. 

Given  a  resource  service  function  of  assuring  the  availability 
of  resupply  of  fuel,  etc.,  so  that, 

ARB  •  maximum  change  in  adequacy  of  supplies  of  fuel,  etc. 
between 

(a)  not  having  any  raaourca  service  resupply  capability  and 

(b)  having  fully  adequata  resupply  capability,  and 

RB  •  net  capability  of  resource  service  to  assure  resupply  of 
fuel,  etc.  Then, 
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RCM  -  RCM'  { 1  -  ARB(1  -  RB) } 

■  fraction  of  risk  population  with  adequate  supplies  of 
fuel,  etc.  for  supplied  transport. 

7.  Clven  that  vehicles  are  required  for  transporting  people, 

RCEq  •  fraction  of  risk  population  with  adequate  vehicle 
availability  at  program  start,  and 

ARCE  ■  net  additional  fraction  for  whom  availability  of 
vehicles  is  arranged  in  program.  Then, 

RCE'  -  RCE  +  IRCE 
o 

•  fraction  of  risk  population  with  adequate  availability 
of  vehicles  at  program  completion  provided  vehicles 
will  operate  when  needed  and  adequate  supplies  of  fuel, 
etc.  are  available. 

3.  Civen  that  some  vehicles  may  not  operate  when  needed  and  that 

supplies  of  fuel,  etc.  may  be  insufficient  so  that, 

K  ■  fraction  of  available  vehicles  that  will  operate  when 
needed,  and 

ARCM  -  maximum  change  in  vehicle  capability  between 

(a)  not  having  any  supplies  of  fuel,  etc.  and 

(b)  having  fully  adequate  supplies.  Then, 

RCE  -  K  •  RCE'{l  -  ARCM(1  -  RCM)} 

"  fraction  of  risk  population  with  adequate  availability 
of  operable  vehicles  when  needed. 

9.  Civen  that  resource  service  may  have  comnun ica t ions  for  the 

transport  staff, 

RCCq  ■  fraction  of  risk  population  with  adequate  transport 
staff  coosuni cat ions  at  program  start,  and 

ARCC0  •  net  additional  fraction  for  whoa  coaaun ica t ions  are 
procured  in  prograa.  Then, 

RCC  •  RCC  ♦  ARCC 
o 

■  fraction  of  risk  population  with  adequate  transport 
staff  coaaunlcatlons  at  prograa  coapletlon. 


B-44 


Given  that 

(a)  equipment  and  communications  enhance  the  capability 
of  the  transport  staff  and 

(b)  it  would  be  limited  by  the  lesser  of  them, 

ARCE  ■  maximum  change  in  transport  capability  between 

(a)  not  having  any  vehicles  and 

(b)  having  fully  adequate  vehicle  availability,  and 

.1RCC  ■  maximum  change  in  transport  capability  between 

(a)  not  having  any  transport  staff  communications  and 

(b)  having  fully  adequate  conaaunications .  Then, 

RC’  -  RCS  •  Mln{  1  -  ARCE(1  -  RCE) }  :  (l  -  ARCCd  -  RCC) } 

■  fraction  of  risk  population  with  adequate  capability  for 
supplied  transport  at  program  completion  provided  resource 
service  is  adequately  supported. 

Given  that  the  resource  service  should  be  supported, 

1PI  •  maximum  change  In  transport  capability  between 

(a)  not  having  any  CD  organization  exercise  In  supplying 
transport  for  crisis  relocation  and 

(b)  having  fully  adequate  exercises, 

PI  •  net  adequacy  of  CD  organization  exercises, 

wDY  •  maximum  change  in  transport  capability  between 

(a)  not  having  any  D&C  capability  to  Inform  the 
resource  service  and 

(b)  having  fully  adequate  D&C  information  capability, 

DY  ■  net  capability  of  D&C  to  supply  system  information  to  the 
resource  service, 

APB  •  maximum  change  in  transport  capability  between 

(a)  not  having  supply  of  transport  treated  in  operations 
plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  •  net  adequacy  of  treatment  of  transport  supply  in  operations 
plans.  Then, 

RC  -  RC'(1  -  API(1  -  PI)Hl  -  ADY(1  -  DY)  }{l  -  <1PB(1  -  PB)  > 

•  fraction  of  risk  population  for  whom  the  resource  service 
can  supply  adequate  transport  capability  for  a  crisis 
relocation  movement. 
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RESOURCE  -  CLEARING  ROADS  -  RK 
Concept 


RK  -  net  capability  of  the  resource  service  to  clear  debris  from  roads  and 
other  ways  to  permit  their  use  for  emergency  transport. 

Operation:  The  resource  service  would  employ  heavy  equipment,  trucks,  etc., 

to  remove  disabled  vehicles  and  attack-caused  debris  from  roadways 
to  permit  their  use. 

Analysis :  (System  tree  overleaf) 

1.  Given  a  resource  service  with  a  road  debris  clearance  staff, 

RKR  ■  fraction  of  population  having  adequate  road  debris 
clearance  staff  at  program  start,  and 

LRKR  ■  net  additional  fraction  for  whom  road  debris  clearance 
staff  are  recruited  in  program.  Then, 

RKR  -  RKR  +  LRXR 
o 

■  fraction  of  population  having  adequate  road  debris 
clearance  staff  at  program  completion. 

2.  Given  an  on-board  road  debris  clearance  staff  who  should  be 
trained  in  emergency  debris  clearance, 

RKT  -  fraction  of  population  having  adequate  trained  road 
0  debris  clearance  staff  at  program  start,  and 

ARKT  ■  net  additional  fraction  for  whom  road  debris  clearance 
staff  are  trained  during  program.  Then, 

RKT  •  RKT  ♦  ARKT 
o 

■  fraction  of  population  having  adequate  road  debris 
clearance  staff  trained  by  program  completion. 

3.  Given  that  some  of  the  staff  may  be  lost  because  of  turnover 
either  before  or  after  training,  then. 
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. . — 


RKS*  -  Min  RKR  ;  RKT 

■  fraction  of  population  with  adequate  road  debris 
clearance  staff  who  are  individually  trained  at  program 
completion. 

4.  Given 

(a)  that  service  exercises  can  enhance  the  capability  of  the  staff  and 

(b)  that  the  effects  of  attack  would  incapacitate  some  of  the  staff, 

API  -  maximum  change  in  capability  of  road  debris  clearance 
staff  between 

(a)  not  having  any  service  exercise  and 

(b)  having  fully  adequate  service  exercises, 

PI  •  net  adequacy  of  exercises  of  road  debris  clearance  staff,  and 

■  fraction  of  debris  clearance  staff  effective  after 
attack  effects.  Then, 

RKS  -  Kl  •  RKS*{1  -  API(1  -  PI)} 

■  fraction  of  population  with  effective  road  debris  clearance 
staff  after  attack  effects.  * 

5.  Given  that  road  clearance  requires  equipment, 

RK£  ■  fraction  of  population  with  adequate  road  clearance 
equipment  at  program  start,  and 

ARKE  •  net  additional  fraction  for  whom  equipment  is  procured  in 
program.  Then, 

RJCE  '  -  RKZ  *  ARXE 
o 

-  fraction  of  population  with  adequate  road  clearance  equipment 
at  program  completion  provided  necessary  materials  are 
available. 

6.  Given  that  road  clearance  requires  materials  for  use  in  and  with 
the  equipment. 


•  It 


1 


1.0  for  preattack  operations 
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RKM  •  fraction  of  population  having  adequate  materials  for 
road  debris  clearance  at  program  start,  and 

1RKM  ■  net  additional  fraction  for  whom  adequate  materials  are 
procured  during  program.  Then, 

RKM  ’  •  RKM  ARKM 
o 

■  fraction  of  population  with  adequate  road  clearance  materials 
at  program  completion. 

7.  Given  that  some  materials  could  be  lost  because  of  attack  effects 
so  that, 

K.,  ■  fraction  of  road  clearance  materials  available  and  usable 
'  after  attack.  Then, 

RKM  ■  K,  •  RKM* 

"  fraction  of  population  with  adequate  road  clearance 
materials  after  attack.* 

8.  Given 

(a)  that  some  equipment  could  be  lost  because  of  attack  effects  and 

(b)  that  the  capability  of  the  surviving  equipment  could  depend  on 
materials  availability, 

•  fraction  of  road  clearance  equipment  available  and  operable 
after  attack,  and 

ARKM  ■  maximum  change  in  equipment  capability  between 

(a)  not  having  any  necessary  materials  and 

(b)  having  a  fully  adequate  supply  of  materials.  Then, 

RKE  -  K3  •  RICE'  {1  -  ARKM(1  -  RKM) } 

-  fraction  of  population  with  adequate  road  clearance  equipment 
capability  after  attack. * 

9.  Given  chat  the  resource  service  may  have  communications  for  the 
road  clearance  staff, 


*  K2  and  Kj  •  1.0  for  preatcack  operations. 


RKC  ■  fraction  of  population  having  adequate  road  debris 
clearance  communications  at  program  start,  and 

ARKC  ■  net  additional  fraction  for  whom  communications  are 
procured  during  program.  Then, 

RKC'  •  RKC  +  1RKC 
o 

■  fraction  of  population  having  adequate  road  clearance 
communications  ac  program  completion. 

10.  Given  tnat  some  communications  could  be  lost  because  of  attack 
effects  so  that, 

K^  ■  fraction  of  road  clearance  communications  functioning 
after  attack.  Then, 

RKC  -  K,  •  RKC’ 

■  fraction  of  population  with  functioning  road  clearance 
communications  after  attack.* 

11.  Given  that 

(a)  equipment  and  communications  can  enhance  staff  capability  and 

(b)  it  would  be  limited  by  the  lesser  of  them, 

ARKE  ■  maximum  change  in  potential  road  debris  clearance 
capability  between 

(a)  not  having  any  equipment  operating  capability  and 

(b)  having  fully  adequate  equipment  operating  capability,  and 

ARKC  -  maximum  change  in  potential  road  debris  clearance  capability 
between 

(a)  not  having  any  communications  and 

(b)  having  fully  adequate  communications.  Then, 

SK'  -  RKS  •  Min { 1  -  ARXEU  -  RKE) }  :  {1  -  ARKC ( 1  -  RKC)} 

•  fraction  of  population  with  adequate  road  clearance  capability 
if  resource  service  is  adequately  supported. 

12.  Given  that  the  resource  service  should  be  supported, 

AN I  •  maximum  change  in  road  clearance  capability  between 

(a)  not  having  any  Joint  State/local  CD  organization 
exercise  and 

(b)  having  fully  adequate  exercises. 


K^  ■  1.0  for  preattack  operations. 
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NI  •  nec  adequacy  of  joint  Scate/local  CD  organization  exercises, 

ADY  ■  maximum  change  in  road  clearance  capability  between 

(a)  not  having  any  D&C  information  support  and 

(b)  having  fully  adequate  D&C  information  support, 

DY  •  net  capability  of  D&C  to  supply  system  information  to 
resource  service, 

AUH  *  maximum  change  in  road  clearance  capability  between 

(a)  not  having  self-help  RADEF  and 

(b)  having  fully  adequate  self-help  RADEF 

LTH  ■  net  self-help  RADEF  capability  of  road  clearance  staff, 

APB  ■  maximum  change  in  road  clearance  capability  between 

(a)  not  having  any  treatment  of  road  clearance  in  operations 
plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  -  nec  adequacy  of  treatment  of  road  clearance  in  operations 
plans.  Then, 

RK  -  RK'{1  -  ANI(1  -  S'UHi  -  ADY ( 1  -  DY)}{1  -  AUH(1  -  LTH)  } 

{1  -  APB(1  -  PB)} 

•  fraction  of  population  with  adequate  resource  service 
capability  to  clear  roads  after  attack.  * 


*  AUH  ■  0  for  preattack  operations. 
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CRISIS  RELOCATION 
TRAFFIC  CONTROL  CAPABILITY  -  LF 


concept 


LF  •  net  capability  of  police  service  to  control  traffic  in  a  crisis 
relocation  movement. 

Operation:  The  police  service  would  concrol  traffic  in  a  crisis  relocation 
movement  by  directing  the  placing  of  barricades  across  roadways 
not  in  the  planned  road  net,  by  directing  traffic  at  intersect  ions , 
and  by  locating,  reporting,  and  taking  steps  to  clear  bottlenecks 
slowing  or  stopping  traffic  flow. 

Analysis :  (Systea  tree  overleaf) 

1  Given  a  police  service  with  relocation  traffic  control  staff, 

■  fraction  of  population  having  adequate  relocation  traffic 
control  staff  at  start  of  program,  and 

ALFR  ■  net  additional  fraction  for  whom  traffic  concrol  staff  is 
recruited  during  program.  Then, 

LFR  -  LFR  +  J.LFR 
o 

•  fraction  of  population  having  adequate  relocation  traffic 
control  staff  at  program  completion. 

2.  Given  an  on-board  traffic  control  staff  that  should  be  trained 
for  crisis  relocation, 

LFT^  ■  fraction  of  population  having  adequate  trained  traffic 
control  staff  at  start  of  program,  and 

ALFT  “  net  additional  fraction  for  whom  traffic  control  staff  are 
trained  during,  program.  Then, 

LFT  •  LFT  ALFT 
o 

■  fraction  of  population  having  adequate  trained  relocation 
traffic  control  staff  at  program  completion. 


CRISIS  RELOCATION  TRAFFIC  CONTROL  CAPABILITY  LF 
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3.  Given  that  some  of  the  staff  may  be  lost  because  of  turnover 
either  before  or  after  being  trained,  then, 

US’  •  Min  LFR  :  LFT 

■  fraction  of  population  having  adequate  traffic  control 
staff  individually  trained  for  crisis  relocation  at 
program  completion. 

4.  Given  that  service  exercises  can  enhance  staff  capability  so  that, 

API  "  maximum  change  in  traffic  control  staff  capability  between 

(a)  not  having  any  service  exercise  for  training  and 

(b)  having  fully  adequate  exercises,  and 

PI  ■  net  adequacy  of  service  exercises  for  training.  Then, 

LFS  -  LFS'il  -  API  (1  -  PI)} 

-  fraction  of  population  having  fully  capable  relocation 
traffic  control  staff  at  program  completion. 

5.  Given  that  police  vehicles  can  require  fuel,  etc., 

LFM  -  fraction  of  population  having  adequate  materials  for 
°  traffic  control  equipment  at  start  of  program,  and 

ALFM  "  net  additional  fraction  for  whom  materials  are  procured 
during  program.  Then, 

LFM  -  LFM  +  ALFM 
o 

•  fraction  of  population  having  adequate  traffic  control 
materials  at  program  completion. 

6.  Given  that  traffic  control  police  can  use  vehicles, 

LF£  ■  fraction  of  population  having  adequate  traffic  control 
°  equipment  at  start  of  program,  and 

ALFE  -  net  additional  fraction  for  whom  equipment  is  procured 
during  program.  Then, 
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LFE'  •  LFE  ♦  ALFE 

o 

■  fraction  of  population  for  whom  adequate  equipment  is 
available  at  program  completion  provided  all  vehicles 
operate  when  needed  and  sufficient  fuel,  etc.,  is  available. 

7.  Given 

(a)  that  not  all  vehicles  will  operate  when  needed  and 

(b)  supplies  of  fuel,  etc.  may  be  insufficient, 

K  •  fraction  of  available  vehicles  that  will  operate  when 
needed,  and 

ALFM  ■  maximum  change  in  vehicle  capability  between 

(a)  not  having  any  fuel,  etc.  and 

(b)  having  fully  adequate  supplies  of  fuel,  etc..  Then, 

LFE  -  K  •  LFE '  { 1  -  ALFM(  1  -  LFM) } 

-  fraction  of  population  with  adequate  relocation  traffic 
control  vehicle  capability. 

8.  Given  that  police  services  traditionally  operate  out  of  stations 
in  which  communicat ions  centers  are  located, 

LFF  »  fraction  of  population  having  adequate  police  facilities 
°  at  start  of  program,  and 

ALFF  ■  net  additional  fraction  for  whom  facilities  will  be  procured 
during  program.  Then, 

LFF  -  LFF  ♦  ALFF 
o 

-  fraction  of  population  with  adequate  police  facilities  at 
program  completion. 

9.  Given  that  traffic  control  forces  should  have  communications, 

LFC  "  fraction  of  population  having  adequate  traffic  control 
°  communications  at  start  of  program,  and 

ALFC  ■  net  additional  fraction  for  whom  comenin lea t ions  are  procured 
during  program.  Then, 
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LFC'  •  LFC  ♦  A  LFC 
o 

■  fraction  of  population  having  adequate  traffic  control 
communications  at  program  completion. 

10.  Given  that  traffic  control  communications  capability  may 
depend  on  having  police  facilities  so  that, 

ALFF  *  maximum  change  in  traffic  control  communications  capability 
betveen 

(a)  not  having  any  police  facilities  and 

(b)  having  fully  adequate  police  facilities.  Then, 

LFC  -  LFC' { 1  -  ALFF ( 1  -  LFF) } 

"  fraction  of  population  with  adequate  traffic  control 
communications  at  program  completion. 

11.  Given  that 

(a)  the  capability  of  the  traffic  control  police  can  be  enhanced 
by  equipment  and  communications  and 

(b)  it  would  be  limited  by  the  lesser  of  them, 

ALFC  *  maximum  change  in  capability  of  traffic  control  staff  betveen 

(a)  not  having  any  communications  capability  and 

(b)  having  fully  adequate  communications  capability,  and 

ALFE  "  maximum  change  in  capability  of  traffic  control  staff  betveen 

(a)  not  having  any  equipment  capability  and 

(b)  having  fully  adequate  equipment  capability.  Then, 

IF'  •  LFS  •  HIN{1  -  ALFCU  -  LFC)}  :  {1  -  ALFE(1  -  LFE) } 

■  potential  relocation  traffic  control  capability  of  police 
service  if  adequately  supported  by  D&C  service  information, 
operations  plans,  and  organization  exercises. 

12.  Given  that  the  police  service  should  be  supported  by  the  organisation, 

AN I  ■  maximum  change  in  traffic  control  capability  betveen 

(a)  not  having  any  joint  State/local  CD  organization  exercise 
and 

(b)  having  fully  adequate  organization  exercises, 

MI  ■  net  adequacy  of  Joint  State/local  organization  exercise 
in  crisis  relocation  movement. 
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J.OW  -  maximum  change  in  police  craffic  control  capability  between 

(a)  not  having  any  D&C  system  information  support  and 

(b)  having  fully  adequate  D&C  Information  support, 

DU  -  net  capability  of  D&C  to  supply  system  information  to  the 
police  service, 

iPB  ■  maximum  change  in  police  traffic  control  capability  between 

(a)  not  having  any  treatment  of  relocation  traffic 
control  In  operations  plans  and 

(b)  having  fully  adequate  treatment  of  relocation  traffic 
control  in  operations  plans. 

PB  “  net  adequacy  of  treatment  of  crisis  relocation  traffic 
control  in  operations  plans.  Then, 

LF  -  LF'{1  -  1NIU  -  SI)  Hi  -  ADW(1  -  DV)}{1  -  APBU  -  PB) } 

•  fraction  of  population  having  adequate  police  service 
capability  for  controlling  traffic  in  a  crisis  relocation 
movement . 


RESOURCE  -  SUPPLY  GOODS  -  RB 


Concept 


RB  ■  net  capability  of  resource  service  to  assure  the  availability  of  goods 
for  emergency  operations. 

Operation:  It  Is  likely  that  except  for  extraordinary  items  such  as  resupply 

of  water  to  shelters,  for  example,  goods  would  be  supplied  in  an 
emergency  by  those  who  normally  supply  them.  However,  arrangements 
with  these  suppliers  would  need  to  be  made  and  emergency  operating 
procedures  established.  And  in  the  emergency,  the  suppliers 
would  require  information  and  assistance.  The  resource  service 
function  would  include  making  the  arrangements  and  supplying 
information  and  assistance. 

Analysis :  (System  tree  overleaf) 

1.  Given  a  resource  service  with  a  supply  staff, 

RBRq  ■  fraction  of  population  having  adequate  supply  staff  at 
program  start,  and 

ARBR  ■  net  additional  fraction  for  whom  supply  staff  is  recruited 
in  program.  Then, 

RBR  -  RBR  ♦  ARBR 

o 

•  fraction  of  population  with  adequate  supply  staff  at 
program  completion. 

2.  Given  an  on>board  supply  staff  that  should  be  trained  in  emergency 
supply  of  goods, 

RBTq  ■  fraction  of  population  having  adequate  trained  supply  staff 
at  program  start,  and 

ARBT  •  net  additional  fraction  for  whom  supply  staff  is  trained  in 
program.  Then, 

RBT  •  RBT  ♦  ARBT 
o 

■  fraction  of  population  with  adequate  trained  staff  at 
program  completion. 


RESOURCE  SUPPLY  GOODS  -  HB 


3.  Given  chat  some  of  the  supply  staff  may  be  lost  because  of 
turnover  either  before  or  after  being  trained,  then, 

RBS '  -  Min  RBR  :  RBT 

■  fraction  of  population  having  adequate  supply  staff 
individually  trained  for  emergency  supply  at  program 
completion. 

4.  Given 

(a)  chat  some  of  the  supply  staff  may  be  incapacitated  by  attack 
effects  and 

(b)  that  exercise  of  the  service  can  enhance  staff  operating 
capability, 

•  fraction  of  supply  staff  effective  after  attack  effects,* 

API  ■  maximum  change  in  supply  staff  capability  between 

(a)  not  having  any  service  exercise  and 

(b)  having  fully  adequate  service  exercises,  and 

PI  ■  net  adequacy  of  exercises  of  the  supply  staff  in  emergency 
operations.  Then, 

RBS  •  K  •  RBS ' (1  -  API(1  -  PI)} 

■  fraction  of  population  having  adequate,  effective  supply 
staff  after  attack. 

5.  Given  that  the  availability  of  goods  is  essential  to  supply, 

RBM  ■  fraction  of  population  with  assurance  of  adequate  supply 
of  goods  for  emergency  operations  at  program  start,  and 

ARBM  ■  net  additional  fraction  for  whom  supply  of  goods  is 
arranged  in  program.  Then, 

RBM'  -  RBM  +  ARBM 

o 

6.  Given  that  goods  may  be  destroyed  or  access  to  them  denied  by 
attack  effects,  so  that. 


* 


•  1.0  for  preattack  operations. 
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K-,  •  fractional  availability  of  goods  after  attack  effects.* 

Then, 

RBM  -  K2  •  RBM' 

■  fraction  of  population  with  adequate  availability  of  goods 
after  attack. 

7.  Given  that  communicat ions  are  necessary  for  informing  suppliers, 

RBC  •  fraction  of  population  having  adequate  supply  communications 
at  program  start,  and 

ARBC  -  net  additional  fraction  for  whom  communications  are  procured 
in  program.  Then, 

RBC'  -  RBC  ♦  l RBC 

o 

■  fraction  of  population  having  adequace  supply  communications 
at  program  completion. 

8.  Given  that  communications  may  be  damaged  by  attack  effects,  so  that, 

•  fractional  availability  of  supply  communications  after 
attack  effects.*  Then, 

RBC  -  K3  •  RBC’ 

•  fraction  of  population  having  adequate  supply  communications 
after  attack. 

9.  Given  that  facilities  may  be  available  for  handling  of  goods  for 

emergency  operations, 

RBP  •  fraction  of  population  having  adequate  supply  facilities 
°  at  program  start,  and 

ARBP  ■  net  additional  fraction  for  whom  facilities  are  procured 
in  program.  Then, 

RBP’  ■  RBF  +  ARBF 
o 

•  fraction  of  population  having  adequate  supply  facilities 
at  program  completion. 


* 


*2  and  ■  1.0  for  preattack  operations 


Given  that  supply  facilities  may  be  damaged  or  access  co  then 
denied  by  attack  effects,  so  chat, 

K,  ■  fractional  availability  of  supply  facilities  after 
*  attack  effects.*  Then, 

RBF  -  K,  •  RBF' 

H 

■  fraction  of  population  having  adequate  supply  facilities 
after  attack. 

Given  that 

(a)  availability  of  goods,  communications,  and  facilities 

can  enhance  the  operating  capability  of  Che  supply  staff  and 

(b)  it  would  be  limited  by  Che  least  of  them, 

ARBM  ■  maximum  change  in  supply  capability  between 

(a)  not  having  any  goods  available  and 

(b)  having  a  fully  adequate  supply  of  goods, 

ARBC  *  maximum  change  in  supply  capability  between 

(a)  not  having  any  cosnunicatlons  and 

(b)  having  fully  adequate  communications,  and 

ARBF  •  maximum  change  in  supply  capability  between 

(a)  not  having  any  facilities  and 

(b)  having  fully  adequate  facilities.  Then, 

Rfl '  -  RBS  *Min{l-ARBM(l-RBM)  }  :  { 1-ARBC)  1-RBC)  } :  { 1-ARBF( 1-RBF)  } 

Given  chat  the  CD  organization  should  support  Che  resource  service 

API  ■  maximum  change  in  supply  capability  between 

(a)  not  having  any  exercise  of  the  CD  organization  and 

(b)  having  fully  adequate  exerclaea, 

PI  "  net  adequacy  of  organization  exercises, 

ADY  ■  maximum  change  in  supply  capability  between 

(a)  not  having  any  D&C  capability  to  inform  the  resource 
service  and 

(b)  having  fully  adequate  D&C  system  information  capability 


1.0  for  preattack  operations. 


DY  ■  net  capability  of  D&C  to  infora  the  resource  service, 

AUH  ■  maximum  change  in  supply  capability  between 

(a)  not  having  any  self-help  RADEF  capability  in  supply 
staff  and 

(b)  having  fully  adequate  self-help  RADEF  capability, 

UH  •  net  capability  of  supply  staff  for  self-help  RADEF, 

APB  ■  aaxiaum  change  in  supply  capability  between 

(a)  not  having  the  emergency  supply  function  treated 
in  operations  plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  •  net  adequacy  of  treatment  of  emergency  supply  in  operations 
plans.  Then, 

RB  -  RB’{1  -  API<1  -  PI)  Hi  -  ADY  ( 1  -  DY ) }  { 1  -  AUH(1  -  UH)} 

{1  -  APB(1  -  PB)} 

■  fraction  of  population  having  adequate  capability  to  supply 
goods  for  emergency  operations  after  attack.* 


AUH  •  0  for  preattack  operations. 
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D&C  -  SYSTEM  INFORMATION  CAPABILITY  -  DZ 
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1DZT  •  net  additional  fraction  for  whoa  operations  staff  are 
trained  in  program.  Then, 

DZT  -  DZT  ♦  1DZT 
o 

■  fraction  of  population  with  adequate  trained  operations 
staff  at  prograa  completion. 

3.  Cxven  that  some  of  the  operations  scaff  mav  be  lost  because  of 
turnover  either  before  or  after  being  trained,  then, 

DZS '  -  Min  DZR  :  DZT 

“  fraction  of  population  having  adequate  operations  staff 
individually  trained  In  system  information  at  program 
completion. 

4.  Given 

(a)  that  some  of  the  operations  staff  may  be  incapacitated 
because  of  attack  effects  and 

(b)  that  exercise  of  the  staff  can  enhance  its  capability 

K.  •  fraction  of  the  operations  staff  effective  after 
attack  effects,  * 

-IP I  •  maximum  change  in  informing  capability  between 

(a)  not  having  any  staff  exercise  and 

(b)  having  fully  adequate  staff  exercises,  and, 

PI  "  net  adequacy  of  exercises  of  operations  staff.  Then, 

DZS  -  K;  •  DZS '  { 1  -  1PK1  -  PI)} 

•  fraction  of  population  having  adequate  effective  operations 
staff  after  attack. 

5.  Given  that  informing  the  system  requires  communications  both  to 
receive  and  to  transmit  information, 

DZC  ■  fraction  of  population  having  adequate  D&C  system 
communications  at  program  start,  and, 


1 
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iDZC  •  act  additional  traction  for  whom  adequate  communications 
are  procured  In  program.  Then, 

DZC*  *  DZC  ♦  1DZC 
o 

■  fraction  of  population  having  adequate  D &C  system 
cosnunlcat ions  at  program  completion. 

b.  Oliver,  chat  some  O&C  system  communications  aav  be  destroyed 

because  of  attack  effects,  so  chat, 

K.  •  fraction  of  DbC  system  communications  operating  after 
attack  effects,*  and, 

•  relative  reliability  of  cocsaunicar ions .  Then, 

DZC  -  K,  •  K  •  DZC' 

4  J 

•  fraction  of  population  having  adequate  D&C  system 
commumcat  ions  after  attack. 

?.  Given  that  D4C  may  have  facilities  to  serve  as  a  work  place  and 
communications  center, 

DZF  "  fraction  of  population  with  adequate  EOCs  at  program 
°  start,  and, 

ADZF  •  net  additional  fraction  for  whom  EOCs  are  procured  in 
program.  Then, 

DZF'  -  DZF  ♦  ADZF 
o 

■  fraction  of  population  with  adequate  EOCs  at  program 
completion. 

3.  Given  that  some  EOCs  may  be  destroyed  because  of  attack  effects 
so  that, 

K,  ■  fraction  of  EOCs  usable  after  attack  effects.*  Then, 

4 

DZF  •  •  DZF' 

-  fraction  of  population  having  adequate  EOCi  after  attack 


*  K,  and  ■  1.0  for  preattack  operations. 
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9.  Given  that  the  informing  capability  of  the  operations  staff 

can  be  enhanced  by  having  cumnunicat ions ,  facilities,  and  input 
information  and  ia  limited  by  the  least  of  these, 

ADZC  ■  maximum  change  in  capability  of  operations  staff  to 
Inform  system  between 

(a)  not  having  any  system  communications, 
and  , 

(b)  having  fully  adequate  communications, 

ADZF  -  maximum  change  in  capability  of  operations  staff  to 
Inform  system  between 

(a)  not  having  any  EOCs  and 

(b)  having  fully  adequate  EOCs, 

ADZD  •  maximum  change  in  capability  of  operations  staff  to 
inform  system  between 

(a)  not  having  any  information  input  from  system  and 

(b)  having  fully  adequate  input  Information,  and, 

DZD  •  net  capability  of  other  elements  of  the  CD  organization 
to  supply  information  to  D&C.  Then, 

DZ*  -  DZS  •  Min{l  -  ADZCd  -  DZC) }  :  d  -  ADZFd  -  DZF) }  : 

{1  -  ADZDd  -  DZD) } 

•  fraction  of  population  with  adequate  capability  of 
operations  staff  to  Inform  system  if  fully  supported. 

10.  Clven  that  the  D&C  operations  staff  should  be  supported, 

API  •  maximum  change  in  capability  to  Inform  system  between 

(a)  not  having  any  exercise  of  the  CD  organization  and 

(b)  having  fully  adequate  organization  exercises, 

PI  ■  net  adequacy  of  CD  organization  exercises, 

APB  •  maximum  change  in  capability  to  Inform  system  between 

(a)  not  having  the  activity  treated  in  operations  plans  and 

(b)  having  fully  adequate  treatment  in  operations  plans,  and, 

PB  ■  net  adequacy  of  treatment  of  system  information  in 
operations  plans.  Then, 

oz  -  Dz’d  -  APid  -  ri))d  -  apbu  -  pb)} 

•  fraction  of  population  having  adequate  D&C  capability  to 
Inform  other  elements  of  the  CD  organization  after  attack. 


PUBLIC  INFORMATION  CAPABILITY 


B-69 


D&C  -  PUBLIC  INFORMATION  CAPABILITY  -  DS 


Concept 


DS  -  net  capability  of  D&C  to  broadcast  information  and  guidance  to  the 
public  via  the  Emergency  Broadcast  System. 

Operation:  Selected  broadcast  stations  are  given 

(a)  protection  for  their  personnel  anc  equipment  against  attack 
effects , 

(b)  emergency  power,  and 

(c)  emergency  fuel  supplies  to  Increase  the  probability  that  they 
will  be  operable  after  an  attack.  Communications  from  EOCs 
to  these  stations  are  installed.  D&C  broadcasts  information 
and  instructions  over  these  stations. 

Analysis : 

1.  Given  D&C  organizations  with  public  information  staff, 

DSR  ■  fraction  of  population  having  adequate  PI  staff  at 
start  of  program,  and 

1DSR  •  net  additional  fraction  for  whom  staff  is  recruited  during 
program.  Then, 

DSR  •  DSR  «•  ADSR 
o 

■  fraction  of  population  having  adequate  PI  staff  at 
program  completion. 

2.  Given  an  on-board  PI  staff  that  should  be  trained  for  Emergency 
Public  Information, 

DST  •  fraction  of  population  having  adequate  PI  staff  with 

°  Individual  training  in  public  information  at  start  of  program,  and 

1DST  ■  net  additional  fraction  for  whom  staff  are  trained  during 
program.  Then, 

DST  •  DST  ♦  ADST 
o 

•  fraction  of  population  having  adequate  trained  PI  staff 
at  program  completion. 
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3.  Given  that  some  of  the  PI  staff  can  be  lost  because  of  turnover 
either  before  or  after  being  trained,  then, 

DSS  *  -  Min  DSR  :  DST 

-  fraction  of  population  with  adequate  PI  staff  individually 
trained  at  program  completion. 

4.  Given 

(a)  that  some  of  the  PI  staff  may  be  incapacitated  because  of 
attack  effects  and 

(b)  that  staff  capability  can  be  enhanced  by  service  exercises, 

■  fraction  of  PI  staff  effective  after  attack  effects,* 

-PI  ■  maximum  change  in  PI  staff  capability  between 

(a)  not  having  any  exercise  for  training  and 

(b)  having  fully  adequate  exercise  for  training,  and 

PI  •  net  adequacy  of  PI  staff  exercises  for  training.  Then, 

DSS  -  K1  •  DSS ' {l  -  1PI(1  -  PI)} 

•  fraction  of  population  with  fully  competent  effective  PI 
staff  after  attack. 

5.  Given  selected  broadcast  stations  for  the  Emergency  Broadcast 
System  (EBS), 

IE  •  fraction  of  population  having  adequate  broadcast  station 
protection  at  program  start,  and 

AIE  -  net  additional  fraction  given  adequate  broadcast  station 
protection  in  program.  Then, 

IE'  -  IE  ♦  AIE 
o 

•  fraction  of  population  having  adequate  broadcast  station 
protection  at  program  completion. 

6.  Given 

(a)  that  broadcast  stations  may  not  be  completely  reliable  and 

(b)  that  some  may  be  disrupted  because  of  attack  effects,  so  that. 


■  1.0  for  preattack  operations 
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■  relative  reliability  of  EBS  stations,  and 

Kj  *  fraction  of  EBS  stations  operable  after  attack  effects.* 
Then, 

IE  •  K,  •  K3  •  IE' 

•  fraction  of  population  having  operating  EBS  stations  after 
attack. 

7.  Given  that  D&C  oust  be  able  to  conmunicate  from  the  EOCs  to  the 
EBS  stations, 

DSCq  •  fraction  of  population  having  adequate  D&C  communications 
to  EBS  at  program  start,  and 

.1DSC  •  net  additional  fraction  given  adequate  D&C  communications 
to  EBS  in  program.  Then, 

DSC’  -  DSC  ♦  -DSC 
o 

•  fraction  of  population  having  adequate  D&C  communications 
to  EBS  at  program  completion. 

3.  Given 

(a)  that  not  all  EOC  -  EBS  communications  will  be  completely 
reliable,  and 

(b)  that  some  of  the  links  may  be  disrupted  by  attack  effects, 
so  that, 

K.  •  relative  reliability  of  communications  links,  and 

K,  ■  fraction  of  communications  links  operable  after  attack 
affects. *  Then, 

DSC  -  •  K5  •  DSC’ 

■  fraction  of  population  having  operating  communications 
from  EOCs  to  EBS  stations  after  attack. 

9.  Given  that  the  ability  of  DSC  to  broadcast  over  EBS  stations 
requires  that  both  the  EOC  -  EBS  coMunlcatlona  and  the  EBS 
stations  be  operating,  then. 


e 

and  Kj  •  1.0  for  preattack  operations. 


B-72 


Cb  -  Min  IE  :  DSC 

■  fraction  of  population  having  adequate  D&C  capability 
to  broadcaat  over  EBS  after  attack. 

10.  Given  that  D6C  should  have  a  functioning  EOC  as  a  work  place 
and  communications  center,  then, 

DSF  -  DZF  (See  page  3-66) 

■  fraction  of  population  having  adequate  EOCs  after  attack. 

11.  Given  that  the  capability  of  the  PI  staff  to  broadcast  public 
information  depends  on  having  operating  stations,  EOCs,  and 
input  information,  and  is  limited  by  the  least  of  these, 

■  maximum  change  in  EPI  capability  between 

(a)  not  having  any  EBS  stations  operating  and 

(b)  having  fully  adequate  EBS  capability, 

1DSF  ■  maximum  change  in  EPI  capability  between 

(a)  not  having  any  EOCs  and 

(b)  having  fully  adequate  EOCs, 

ADZD  •  maximum  change  in  EPI  capability  between 

(a)  not  having  any  input  information  and 

(b)  having  fully  adequate  Input  Information,  and 

DZD  ■  net  adequacy  of  Input  Information.  Then, 

DS’  -  DSS*Min{l-<lCb(l-Cb) }: (l-uDSF(l-DSF) ): {l-ADZD(l-DZD) } 

■  fraction  of  population  having  adequate  EPI  capability 
after  attack  If  fully  supported. 

12.  Given  that  the  EPI  activity  should  be  supported  by  exercises 
and  operations  plans, 

API  ■  maximum  change  In  EPI  capability  between 

(a)  not  having  any  CD  organization  exercise  and 

(b)  having  fully  adequate  organization  exercises, 

PI  ■  net  adequacy  of  organization  exercises, 


m  Maximum  change  In  EPI  capability  between 

(a)  not  having  the  activity  treated  In  operations  plans  and 

(b)  having  fully  adequate  treatment  in  operations  plans,  and, 

■  net  adequacy  of  treatment  of  EPI  in  operations  plans.  Then, 

-  DS  *  {1  -  API(1  -  PI)  >{1  -  .1PB(1  -  PB)} 

■  fraction  of  population  having  adequate  D&C  capability  to 
inform  and  instruct  the  public  over  EBS  after  attack. 


OPERATIONS  PLANS  -  PB 


OPERATIONS  PLANS  -  PB 


Concept 


PB  ■  net  adequacy  of  operations  plans  as  a  basis  for 

(1)  guiding  and  controlling  the  functioning  of  the  operating  system  and 

(2)  conducting  exercises  of  the  operating  system  in  simulated  emergency 
conditions  for  training. 

Operation:  Operations  plans  are  drafted  by  planners  on  the  staff  of  the 
local  CD  preparedness  organization.  Optionally,  plans  can  be 
drafted  by  other  organizations  --  government  or  private —  under 
contract.  Information  from  Federal  and  State  civil  defense  is 
desirable  to  Increase,  the  adequacy  of  operations  plans  ,  for 
standardization,  and  for  correlation  of  operations. 

* 

Analvsis: 


1.  Given  local  CD  preparedness  organizations 

PBR  •  fraction  of  population  having  sufficient  planners 
at  program  start,  and 

.1PBR  ■  net  additional  fraction  for  whom  planners  are  recruited 
in  program.  Then, 

PBR  -  PBR  ♦  APBR 
o 

•  fraction  of  population  having  sufficient  planners. 

2.  Given  on-board  planners  in  local  CD  preparedness  organizations, 

PBTq  ■  fraction  of  population  having  sufficient  trained  planners 
at  program  start,  and 

APBT  ■  net  additional  fraction  for  whom  planners  are  trained 
in  program.  Then, 

PBT  -  PBT  +  APBT 
o 

■  fraction  of  population  having  sufficient  trained 
planners . 


Because  of  staff  turnover,  some  of  Che  planners  mav  be  lost 
either  before  or  after  being  trained.  Then, 

PBS '  -  Min  P3R  :  P3T 

■  fraction  of  population  for  whom  adequate  operations 
plans  can  be  drafted  by  staff  planners  if  adequately 
supported  by  information  from  Federal  and  State  civil 
defense  and  staff  is  fully  productive. 

Given  Federal  and  State  CD  organizations, 

•1NL  ■  maximum  change  in  capability  of  planning  staff  between 

(a)  not  having  any  information  support  from  States  and 

(b)  having  fully  adequate  information  support  from  States, 

N'L  •  net  adequacy  of  information  support  from  States, 

1HL  ■  maximum  change  in  capability  of  planning  staff  between 

(a)  not  having  any  information  support  from  Federal  and 

(b)  having  fully  adequate  information  support  from  Federal,  and 

HL  •  net  adequacy  of  information  support  from  Federal.  Then, 

PBS  -  PBS* (l-ANL(l-ML) }{1-CHL(1-HL) } 

-  fraction  of  population  for  whom  additional  adequate 

operations  plans  can  be  prepared  by  local  staff  planners 
in  program  if  planners  were  fully  productive. 

Given  the  option  to  have  some,  or  all,  of  operations  plans 
prepared  by  planning  services  under  contract, 

■  relative  productivity  of  planning  staff, 

PF  •  fraction  of  population  for  whom  operations  planning  service 
is  procured  during  program,  and 

•  relative  productivity  of  planning  service.  Then, 

iPB  •  Kx  •  PBS  ♦  K2  •  PF 

■  net  additional  fraction  of  the  population  for  whom  adequate 
operations  plans  can  be  prepared  in  program. 


Given  some,  or  no,  adequate  operations  plans  at  start  of 
program,  PBjt  then, 

P3  -  P3  +  APB 

o 

■  fraction  of  population  having  adequate  operations  plans 
at  program  completion. 

Note:  The  matter  of  content  adequacy  (i.e.,  the  coverage  of 
operations  plans)  is  assessed  at  the  point  where  P3 
enters  into  another  system  tree,  such  as  DS  or  RK. 
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POLICE  -  MAINTAIN  FACILITY  ORDER  -  LE 


E 
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POLICE  -  MAINTAIN  FACILITY  ORDER  -  LE 
Concept 


LE  -  net  capability  of  police  service  to  aaintain  order  in  or  at  facilities 
in  which  emergency  operations  are  conducted. 

Opera t ion :  Experience  has  shown  that,  under  the  stress  of  the  emergency, 
operations  can  be  severely  disrupted  if  order  cannot  be 
aaintained.  It  is  a  function  of  the  police  service  to  aaintain 
order. 

Analysis : 

1.  Given  a  police  service  with  a  facility  guard  staff, 

LER^  •  fraction  of  population  having  adequate  guard  staff  at 
prograa  start,  and 

•1LER  •  net  additional  fraction  for  whoa  guard  staff  are 
recruited  in  prograa.  Then, 

LER  -  LER  1LER 

o 

•  fraction  of  population  having  adequate  guard  staff  at 
prograa  coapletion. 

2.  Given  an  on-board  guard  staff  that  should  be  trained  In  aaintaining 
order  in  facilities, 

LET^  ■  fraction  of  population  having  adequate  trained  guard 
staff  at  prograa  start,  and, 

iLET  •  net  additional  fraction  for  whoa  guard  staff  are  trained 
in  prograa.  Then, 

LET  -  LET  «■  A  LET 
o 

■  fraction  of  population  having  adequate  trained  facility 
guard  staff  at  prograa  coapletion. 
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3.  Given  chat  some  of  Che  guard  scarf  may  be  lose  because  of  Curnover 
either  before  or  afeer  being  trained,  then, 

LES '  -  Min  LER  :  LET 

■  fraction  of  population  having  adequate  facility  guard 
staff  individually  trained  in  maintaining  order  at 
program  completion. 


4.  Given 

(a)  that  some  of  the  guard  staff  may  be  incapacitated  by  attack 
effects  and 

(b)  that  exercise  of  the  service  can  enhance  staff  capability, 

K.  ■  fraction  of  facility  guard  staff  effective  after  attack 
effects,* 

API  •  maximum  change  in  guard  staff  capability  between 

(a)  not  having  anv  service  exercise  and 

(b)  having  fully  adequate  service  exercise,  and 

PI  ■  net  adequacy  of  exercise  of  facility  guard  staff.  Then, 

LES  -  •  LES ' { 1  -  API ( 1  -  PI)} 

■  fraction  of  population  having  adequate,  effective  facility 
guard  staff  after  attack. 

5.  Given  that  facility  guards  need  conmunlcat ions  within  the  service, 

LEC  -  fraction  of  population  with  adequate  guard  communications 
0  at  program  start,  and 

ALEC  *  net  additional  fraction  for  whom  guard  communications  are 
procured  in  program.  Then, 

LEC'  -  LEC  ♦  ALEC 
o 

■  fraction  of  population  having  adequate  guard  communications 
at  program  completion. 


K,  ■  1.0  for  preattack  operations. 
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6.  Given 

(a)  chac  police  communicat ions  traditionally  pass  through 
dispatchers  in  police  stations,  and 

(b)  that  some  of  these  facilities  aav  be  damaged  or  access 
to  them  denied  because  of  attack  effects, 

LFF'  ■  fraction  of  population  having  adequate  police  facilities 
at  program  completion,  (See  page  3-54),  and, 

K,  ■  fraction  of  police  facilities  available  after  attack 
effects.*  Then, 

LEF  -  K.,  •  LFF' 

4 

•  fraction  of  population  having  adequate  police  facilities 
available  after  attack. 

7.  Given  that 

(a)  some  police  communications  may  be  destroyed  because  of  attack 
effects  and 

(b)  that  the  capability  of  police  communications  can  depend  on 
having  facilities, 

-  fraction  of  police  communications  available  after  attack 
effects,  *  and, 

ALEF  “  maximum  change  in  police  communications  capability  between 

(a)  not  having  any  facilities  and 

(b)  having  fully  adequate  facilities.  Then, 

LEC  -  Kj  •  LEC*{1  -  ALEF ( 1  -  LEF)} 

•  fraction  of  population  having  adequate  facility  guard 
communications  after  attack. 

8.  Given  that  cosmunlcatlons  can  enhance  the  operating  capability 
of  facility  guards,  and, 

ALEC  -  maximum  change  in  facility  guard  capability  between 

(a)  not  having  any  comsnjnicatlons  and 

(b)  having  fully  adequate  communications.  Then, 


and  Kj  •  1.0  for  preattack  operations. 
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LE*  •  LESvl  -  !LEC( 1  -  LEC)} 

■  traction  of  population  having  adequate  facility  guard 
capability  to  maintain  order  If  fully  supported. 

9.  Given  that  the  CD  organization  should  support  the  police  service 
facility  guards, 

1PI  ■  maximum  cnange  in  capability  to  maintain  order  between 

(a)  not  having  any  exercise  of  the  CD  organization  and 

(b)  having  fully  adequate  exercises, 

PI  -  net  adequacy  of  exercises  of  CD  organization, 

1DW  -  maximum  change  in  capability  to  maintain  order  between 

(a)  not  having  any  D4C  capability  to  inform  the  police 
service  and 

(b)  having  fully  adequate  DiC  system  information  capability, 

DW  ■  net  capability  of  D 40  to  inform  the  police  service, 

•11H  “  maximum  change  in  capability  to  maintain  order  between 

(a)  not  having  any  facility  guard  capability  for  self- 
help  RADEF  and 

(b)  having  fully  adequate  self-help  RADEF  capability, 

UH  “  net  capability  of  facility  guards  for  self-help  RADEF, 

IPS  •  maximum  change  in  capability  to  maintain  order  between 

(a)  not  having  the  activity  treated  in  operations  plans  and 

(b)  having  fully  adequate  treatment  in  operations  plans,  and 

PS  •  net  adequacy  of  treatment  of  maintenance  of  facility  order 
in  operations  plans.  Then, 

LE  •  LE’  {1  -  1PI(1  -  PI)  Hi  -  ADW(1  -  DW)  }{1  -  AUH(1  -  UH) } 

{1  -  APB( 1  -  PS)} 

•  fraction  of  population  having  adequate  police  service 
capability  to  aalntaln  order  in  or  at  facilities  where 
emergency  operations  are  being  conducted  after  attack.* 


* 


iUH  •  0  for  pr*4ttack  optradons. 
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PUBLIC  PREPAREDNESS  -  CRISIS  RELOCATION 


I 

c 


I.  •  net  effectiveness  of  CD  organization  In  educating  the  public  before 
a  crisis  relocation  —  as  in  a  surge  period  —  to  prepare  them  for 
relocating  including  such  matters  as:  location  of  host  areas;  plans 
and  preparations  for  reception,  care,  and  sheltering  of  all  those 
relocating;  plans  and  preparations  for  commuting  and  protection  of 
essential  workers;  and  the  details  of  the  movement  plan  with  specific 
emphasis  on  actions  the  public  must  take. 

Operation:  The  public  preparedness  activity  is  primarily  a  function  of  D&C 

operating  by  agreement  through  the  media,  other  government  and 
private  agencies,  and  so  on.  Within  the  CD  organization  the 
activity  can  also  be  conducted  by  the  emergency  services  —  fire, 
police,  and  warden  —  who  would  supplement  the  D4C  efforts.  Each 
of  these  elements  of  the  organization  would  use  Information 
materials  prepared  by  the  EPI  staff  of  the  preparedness  organization. 

Analyses:  (System  tree  overleaf) 

1.  Given  local  CD  organizations, 

DNR  ■  fraction  of  population  having  adequate  D&C  public 
information  staff  at  start  of  program,  and 

1DNR  ■  net  additional  fraction  for  whom  public  information 
staff  is  recruited  during  program.  Then, 


PUBLIC  PREPAREDNESS  CRISIS  RELOCATION 
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DNT  -  DNT  +  1DNT 
o 

■  fraction  of  population  having  adequate  trained  public 
information  staff  at  program  completion. 

3.  Because  some  of  the  public  information  staff  may  be  lost  through 
staff  turnover  either  before  or  after  training, 

DN'  -  Min  DNR  :  DNT 

■  fraction  of  population  for  whom  DiC  public  information 
staff  can  adequately  prepare  the  public  for  crisis 
relocation  given  fully  adequate  public  information 

materials. 

4.  Given  a  capable  D4C  public  information  staff  and  information 
materials, 

■1IC  •  maximum  change  in  capability  of  D&C  public  information 
staff  to  prepare  public  for  crisis  relocation  between 

(a)  not  having  any  EPI  CR  information  preparations,  and 

(b)  having  fully  adequate  EPI  preparations,  and 

IC  •  net  adequacy  of  EPI  preparations  «  fraction  of  population  for 
whoa  preparations  have  been  made  at  program  completion.  Then, 

DN-  Dtf  { 1-A1C(  1-IC) } 

■  fraction  of  population  with  capable  D4C  public  information 
staff  and  available  information  materials. 

5.  Given  staff  and  materials,  and 

•  relative  effectiveness  of  DAC  public  information  staff 
In  preparing  public.  Then, 

*d  *  *1  '  «* 

■  net  effectiveness  of  D4C  public  Information  staff  in 
preparing  public  for  crisis  relocation. 


And,  similarly 
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6. 

WCR 

-  WCR  ♦  AWCR 
o 

7. 

WCT 

-  WCT  ♦  1WCT 

0 

8. 

VC' 

-  Min  WCR  :  WCT 

9. 

wc 

-  WC'{1  -  AICU  -  1C)} 

10. 

E  ■ 
w 

•  K,  •  WC 

■ 

net  effectiveness  of  warden  service 
for  crisis  relocation. 

in  preparing  public 

11. 

LCR 

-  LCR  *  1LCR 

0 

12. 

LCT 

•  LCT  ♦  iLCT 
o 

13. 

LC' 

-  Min  LCR  :  LCT 

14. 

LC 

-  lc'U  -  iicd  -  rc) } 

15. 

El 

•  K3  •  LC 

■  net  effectiveness  of  police  service 
for  crisis  relocation. 

in  preparing  public 

16. 

FCR 

-  FCR  ♦  !FCR 
o 

17. 

FCT 

■  FCT  ♦  AFCT 

0 

18. 

FC' 

-  Min  FCR  :  FCT 

19. 

FC 

-  FC'U  -  AIC(1  -  IC)} 

20. 

Ef  -  K4  •  FC 

•  n«c  ef fectlveness  of  fire  service  In 
for  crisis  relocation 

preparing  public 

21. 

Given 

(1)  chase  four  alcernadve  swans  of  preparing  che  public  for 
crisis  relocation,  and 

(2)  each  person  subject  to  being  prepared  only  once. 

•  Ed  "  EV  +  Ei  *  Ef 

"  EdEw  '  EdEl  “  EdEf  “  EWEZ  *  EwEf  ■  EEEf 

♦  E.E  E.  +  E.E  E,  +  E  E,Ee 
d  w  i  dvf  w  i  f 

-  E  E  E 
“d  W  tfcf 

■  fraction  of  population  who  can  be  prepared  adequately  for 
crisis  relocation  at  program  completion. 
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PUBLIC  INFORMATION  MATERIALS  -  CRISIS  RELOCATION  -  1C 


PUBLIC  INFORMATION  MATERIALS  -  CRISIS  RELOCATION  -  IC 


Concept 


IC  -  net  adequacy  of  inf oraational  materials  prepared  for  use  in  public 
preparedness  education  for  crisis  relocation  including 
(a)  location  of  host  areas 

ib)  plans  and  preparations  for  reception,  care,  and  sheltering  of 
all  those  relocating 

(c)  plans  and  preparations  for  commuting  and  protection  of  essencial 
workers,  and 

(d)  details  of  the  movement  plan  with  specific  emphasis  on  actions 
the  public  must  take. 


Operat ion :  EPI  informal ional  materials  are  prepared  by  personnel  of  an 
EPI  staff  element  of  the  preparedness  system  organization 
trained  for  assignment  to  their  positions  and  arrangements  are 
concluded  for  dissemination  of  these  materials.  Information  for 
these  materials  can  be  supplied  from  Crisis  Relocation  Plans. 

Aaalvs is : 

1.  Given  EPI  staff  in  local  CD  preparedness  organizations  sc  that, 

ICR  ■  DNR  ■  fraction  of  population  having  adequate  EPI  staff 
at  program  completion  (See  page  B-83)  . 

2.  Given  on-board  EPI  staff, 

ICT  ■  fraction  of  population  having  adequate  trained  EPI 
staff  at  program  start,  and 

JICT  -  net  additional  fraction  for  whom  EPI  staff  Is  trained 
during  program.  Then, 


ICT  -  ICT  *  A ICT 
o 

■  fraction  of  population  with  adequate  trained  EPI  staff. 

3.  Because  of  staff  turnover,  some  of  the  EPI  staff  may  be  lost 
either  before  or  after  training.  Then, 
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ICS'  -  Min  ICR  :  ICT 

■  fraction  of  population  for  whom  adequate  emergency  public 
information  materials  on  crisis  relocation  can  be 
prepared  by  EPI  staff  given  fully  adequate  support. 

4.  Given  a  potential  local  EPI  staff  capability  and  Federal  and 
State  CD  organization, 

uHL  ■  maximum  change  in  capability  of  EPI  staff  between 

(a)  not  having  any  Federal  guidance  and 

(b)  having  fully  adequate  Federal  guidance, 

HL  •  net  adequacy  of  Federal  guidance, 

AML  -  maximum  change  in  capability  of  EPI  staff  between 

(a)  not  having  any  State  guidance  and 

(b)  having  fully  adequate  State  guidance,  and 

ML  ■  net  adequacy  of  State  guidance.  Then, 

ICS  -  ICS'U  -  AHL(1  -  HL) } { 1  -  ANLU  -  ML) } 

•  fraction  of  population  having  EPI  staff  capable  of 
producing  instructional  materials  for  public 
preparedness  for  crisis  relocation. 

3.  Given  a  capable  EPI  staff  and  Crisis  Relocation  Plans, 

■  relative  productivity  of  EPI  staff, 

AXA  -  maximum  change  in  production  of  Informational  materials 
between 

(a)  not  having  any  crisis  relocation  movement  plans  and 

(b)  having  fully  adequate  crisis  relocation  movement  plans, 

XA  -  net  adequacy  of  crisis  relocation  movement  plans, 

AXB  -  maximum  change  in  production  of  informational  materials 
between 

(a)  not  having  any  crisis  relocation  reception  and  care 
plans  and 

(b)  having  fully  adequate  crisis  relocation  reception  and 
care  plans. 
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XB  -  net  adequacy  of  crisis  relocation  reception  and  care 
plans , 

AXC  ■  aaxlaua  change  in  production  of  informational  materials 

between 

(a)  not  having  any  crisis  relocation  plans  for  revising 
supply  channels  and 

(b)  having  fully  adequate  crisis  relocation  plans  for 
revising  supply  channels, 

XC  ■  net  adequacy  of  crisis  relocation  plans  for  revising 
supply  channels, 

AXD  ■  maximum  change  in  production  of  informational  materials 
between 

(a)  not  having  any  crisis  relocation  plans  for  commuting 
essential  workers  and 

(b)  having  fully  adequate  crisis  relocation  plans  for 
commuting  essential  workers,  and 

XD  ■  net  adequacy  of  crisis  relocation  plans  for  commuting 
essential  workers.  Then, 

MC  -  Kj  'ICS  {l“AXA(l-XA)  }{1-<1XB(1-XB)  } 

{ 1-<1XC( 1-XC) } { 1-AXD( 1-XD ) } 

6.  Clven  some  crisis  relocation  Informational  materials  available 

at  program  start  -  IC  ,  then, 

o 

IC  -  IC  +  AIC 
o 

■  fraction  of  population  for  whom  adequate  crisis 
relocation  informational  materials  are  available  at 
program  completion. 


ORGANIZATION  EXERCISE  -  Nl 
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ORGANIZATION  EXERCISE  -  ‘.’I 
Concept 


NI  ■  net  adequacy  of  exercising  the  State  CD  operating  system  organization  in 
emergency  operations  for  training  in  operating  as  an  organization. 

Operation:  An  exercise  staff  of  the  State  CD  preparedness  organization 
prepares  and  conducts  exercises  of  the  emergency  operating 
organization  in  simulated  emergency  conditions,  either  of  a 
single  service  or  of  combinations  of  services  including  the 
whole  operating  organization  for  training  in  emergency  operations. 
Exercises  are  based  on  operations  plans.  Information  from  Federal 
and  State  civil  defense  is  desirable  to  increase  the  adequacy  of 
the  exercises  especially  in  exercise  methods  and  realism  of  the 
s iaulat ion . 


Analys is : 

1.  Given  State  CD  preparedness  organizations, 

NIR  -  fraction  of  population  having  sufficient  exercise 
staff  at  start  of  program,  and, 

1NIR  •  net  additional  fraction  for  whom  exercise  staff  is 
recruited  in  program.  Then, 

NIR  -  NIR  +  ZNIR 
o 

■  fraction  having  sufficient  exercise  staff. 

2.  Given  on-board  exercise  staff  in  State  CD  preparedness 

organizations, 

NIT  ■  fraction  of  population  having  trained  exercise  staff 
at  start  of  program,  and 

ZNIT  ■  net  additional  fraction  for  whom  exercise  staff  is 
trained  in  program.  Then, 

NIT  -  NIT  +  ANIT 
o 

■  fraction  of  population  having  trained  exercise  staffs. 
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3.  3ecause  of  staff  turnover,  some  of  the  exercise  staff  may¬ 
be  lost,  before  or  after  training.  Then, 

NIS '  -  Min  NIR  :  NIT 

•  fraction  of  population  for  whom  adequate  organization 
exercises  can  be  conducted  if  the  exercise  staff  is 
fully  supported  by  information  from  Federal  and  State 
and  is  fully  effective  and  if  operations  plans  are  fully 
adequate . 

4.  Given  Federal  and  State  CD  organizations , 

-XL  "  maximum  change  in  capability  of  exercise  staff  between 

(a)  not  having  any  information  support  from  State  and 

(b)  having  fully  adequate  information  support  from  State, 

XL  ■  net  adequacy  of  information  support  from  State, 

AHL  "  maximum  change  in  capability  of  exercise  staff  between 

(a)  not  having  any  information  support  from  Federal  and 

(b)  having  fully  adequate  information  support  from  Federal,  and 

HL  ■  net  adequacy  of  information  support  from  Federal.  Then, 

NIS  -  SIS'U-AXLCI-XDMI-AHLU-HL)} 

■  fraction  of  the  population  for  whom  organization 
exercises  can  be  conducted  if  exercise  staffs  are 
fully  -ffectlve  and  operations  plans  are  fully  adequate. 

5.  Given  on-board  State  exercise  staffs, 

•  relative  effectiveness  of  exercise  staff  In  training, 

APB  •  maximum  change  In  effectiveness  of  exercise  staff  between 

(a)  not  having  any  operations  plans  and 

(b)  having  fully  adequate  operations  plans,  and 


P9  ■  net  adequacy  of  operations  plans.  Then, 


■ — — 
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E  t •  K:  •  NIS { 1  -  ^PB(1  -  PB)} 

■  fraction  of  population  for  whom  effective  organization 
exercises  can  be  conducted  in  latter  years  of  program. 

6.  Given  that  the  effectiveness  of  an  exercise  decreases  with 
time  after  it  is  held  because  of  staff  turnover,  changes  in 
plans,  and  ocher  reasons,  and  that  the  effectiveness  of  exercises 

held  in  prior  years  can  be  assigned  an  eauivalence  that  is  some 
fraction  of  one  held  in  the  current  year,  and 

Kt  •  scan  equivalence  of  exercises  held  in  the  program  to 
an  equal  number  held  in  the  current  year.  Then, 

NI  -  K,  •  Et 

■  fraction  of  population  for  whom  current  year  exercises, 
or  their  equivalent  In  effectiveness,  can  be  held. 


ORGANIZATION  EXERCISE  -  PI 


•xcnctst  STAM 


POTINTIAL 

CAfA»ltlT> 

M* 


c 


MCftUITINO 


OMtOANO 

rAM 


mAININO 


OM  BOARO 
TRAINCO 
WT 


ORGANIZATION  EXERCISE  -  PI 


PI  ■  net  adequacy  of  exercising  the  local  CO  operating  systea  organization  in 
eaergency  operations  for  training  in  operating  as  an  organization. 

Operation:  An  exercise  staff  of  the  local  CD  preparedness  organization 
prepares  and  conducts  exercises  of  the  emergency  operating 
organization  in  simulated  eaergency  conditions,  either  of  a 
single  service  or  of  combinations  of  services  including  the 
whole  operating  organization  for  training  in  emergency  operations. 
Exercises  are  based  on  operations  plans.  Information  from  Federal 
and  State  civil  defense  is  desirable  to  increase  the  adequacy  of 
the  exercises  especially  in  exercise  methods  and  realism  of  the 
simulation. 


1.  Given  local  CD  preparedness  organizations, 


PIR  ■  fraction  of  population  having  sufficient  exercise 
°  staff  at  start  of  program,  and. 


!PIR  -  net  additional  fraction  for  whom  exercise  staff  is 
recruited  in  program.  Then, 

PIR  -  PIR  ♦  APIR 

o 

•  fraction  having  sufficient  exercise  staff. 

2.  Given  on-bcard  exercise  staff  in  local  CD  preparedness 
organizations, 

PIT  -  fraction  of  population  having  trained  exercise  staff  at 
0  start  of  program,  and, 

AP1T  -  net  additional  fraction  for  whom  exercise  staff  is  trained 
in  program.  Then, 

PIT  •  PIT  ♦  APIT 
o 

*  fraction  of  population  having  trained  exercise  staffs. 


t 


Because  of  scaff  turnover,  some  of  the  exercise  staff  nay 
be  lost,  before  or  after  training.  Then, 

PIS’  -  Min  PIR  :  PIT 

•  fraction  of  population  for  whom  adequate  organization 
exercises  can  be  conducted  if  the  exercise  staff  Is 
fully  supported  by  information  from  Federal  and  State 
and  is  fully  effective  and  if  operations  plans  are  fully 
adequate . 

Given  Federal  and  State  CD  organizations, 

ANL  -  maximum  change  in  capability  of  exercise  staff  between 

(a)  not  having  any  Information  support  from  State  and 

(b)  having  fully  adequate  Information  support  from  State, 

S’L  ■  net  adequacy  of  information  support  from  State, 

1HL  “  maximum  change  in  capability  of  exercise  scaff  between 

(a)  not  having  any  information  support  from  Federal  and 

(b)  having  fully  adequate  information  support  from  Federal, 
and , 

HL  •  net  adequacy  of  information  support  from  Federal.  Then, 

PIS  •  PIS‘{1  -  ANL(  1  -  SDKl  -  AHL(1  -  HL) } 

■  fraction  of  the  population  for  whom  organization 
exercises  can  be  conducted  if  exercise  staffs  are  fully 
effective  and  operations  plans  are  fully  adequate. 

Given  on-board  local  exercise  staffs, 

■  relative  effectiveness  of  exercise  staff  in  training, 

APB  ■  maximum  change  in  effectiveness  of  exercise  staff  between 

(a)  not  having  any  operations  plans  and, 

(b)  having  fully  adequate  operations  plans,  and, 

PB  •  net  adequacy  of  operations  plans.  Then, 
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E[  •  •  PIS{l  -  APB(  1  -  P3) } 

■  fraction  of  population  for  whom  effective  organization 
exercises  can  be  conducted  in  latter  years  of  program. 

6.  Given  that  the  effectiveness  of  an  exercise  decreases  with 

time  after  it  is  held  because  of  staff  turnover,  changes  in 
plans,  and  other  reasons,  and  that  the  effectiveness  of 
exercises  held  in  prior  years  can  be  assigned  an  equivalence 
that  is  some  fraction  of  one  held  in  the  current  year,  and 

K.,  ■  mean  equivalence  of  exercises  held  in  the  program  to  an 
equal  number  held  in  the  current  year.  Then, 

PI  -  K,  •  E’ 

■  fraction  of  population  for  whom  current  year  exercises, 
or  their  equivalent  in  effectiveness,  can  be  held. 


* 

■ 

i 


SECTION  B.2 


FRACTION  OF  POPULATION  AT  RANDOM  IN 
RESIDENCES  (FS<),  IN  OPEN  (FE,),  .AND  IN  SHELTER  (FP^ 

This  pare  of  PAM  produces  estimates  of  che  distribution  of  the 
population  at  the  tine  of  detonation  of  the  weapons  in  the  attack.  It 
involves  two  major  operations:  (a)  warning  and  (b)  movement  to  shelter. 

The  two  operations  are  sequential  but  not  discrete;  l.e.t  some  people  start 
to  move  before  all  of  the  people  are  warned.  In  this  case,  the  model  accounts 
for  the  dynamics,  employing  distributions  over  time  of  the  number  of  people 
warned,  the  number  starting  to  move,  and  the  number  completing  che  movement. 
The  outputs  of  this  part  of  PAM  are  time-related;  i.e.,  they  require 
specification  of  the  distribution  of  times  of  the  detonations. 

The  following  elements  of  PAM  Included  in  this  section  are  found  in 


Section  3.1:  Page 

D&C-System  Information  Capability  (DZ)  3-63 

D&C  Public  Information  Capability  (DS)  B-69 

Operations  Plans  (PB)  B-75 

Organization  Exercise  (PI)  3-97 
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FRACTION  OF  POPULATION  AT  RANDOM  IN  RESIDENCES  (FS,J. 
IN  OPEN  (FE,).  AND  IN  SMELTER  <FP,) 


FRACTION  AT  RANDOM  IN  RESIDENCES  -  FSi 
FRACTION  IN  OPEN  -  FE1 
FRACTION  IN  SHELTER  -  FP< 

Concept 


FS4  *  traction  of  the  total  population  who  are  assigned  to  shelter  class  i 
and  who  are  distributed  at  random  in  residences  at  time  of  attack, 

FE,  ■  fraction  of  the  total  population  caught  in  open  at  time  of  attack 
while  moving  to  shelter  class  1, 

FP  “  fraction  of  the  total  population  in  shelter  class  1  at  the  time  of 
attack. 

Operation:  A  warning  system  provides  an  alerting  signal  plus  a  confirming 
message  over  radio  and  TV.  This  warning  is  supplemented  by 
efforts  of  the  CD  organization  and  by  members  of  the  public. 
Prior  to  the  warning,  emergency  public  information  activities 
attempt  to  prepare  the  public  for  warning  and  for  going  to 
shelter.  As  they  are  warned  and  as  they  complete  their 
preparations,  some  of  the  people  start  to  move  to  shelter  and 
as  they  arrive  they  enter  the  shelters.  Some  of  the  people 
decide  not  to  go  to  shelter.  When  the  attack  occurs,  some 
fraction  of  the  people  are  in  shelter,  another  fraction  is  at 
random  in  residences,  and,  if  the  attack  occurs  before  all 
of  those  going  to  shelter  have  entered  the  shelters,  a  third 
fraction  is  caught  In  the  open. 

Analysis : 

l.  Given  a  warning  system  to  which  people  respond  at  different 
rates,  some  requiring  longer  to  decide  to  go  to  shelter  than 
others, 

t  "  period  between  start  of  alert  and  the  time  of  Interest,  and 

a  •  a  characteristic  of  the  warning  system  that  depends  on  the 
design  of  the  system  and  the  preparedness  of  the  public 
for  warning.  Then, 

f(td)  •  1  -  e^at  ♦  1) 

•  fraction  of  those  who  intend  to  go  to  shelter  who  have 
decided  to  go  by  time  t. 
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2.  Given  a  warning  and  emergency  public  information  activities 
to  prepare  the  public  for  warning. 

a'  -  value  of  a  if  public  is  fully  prepared, 

2.1^  ■  maximum  change  in  a  between 

(a)  not  having  any  public  preparedness  EPI  and 

(b)  having  fully  effective  EPI,  and 

I.  ■  net  effectiveness  of  public  preparedness  for  warning. 
Then, 

a  -  a'(l  -  ilb(l  -  Ib)> 

-  value  of  a  to  be  used  in  calculating  f(t,). 

a 

3.  Given  chat  people  will  prepare  Co  go  at  different  races  after 
being  warned, 

t  ■  period  between  start  of  alert  and  time  of  interest,  and 

3  •  a  characteristic  of  the  public  that  depends  on  their 
preparedness  for  going  to  shelter.  Then, 

f(t  )  -  1  -  e“Sc(3t  +  1) 

P 

■  fraction  of  those  who  intend  to  go  to  shelter  who  are 
prepared  to  start  by  time  t. 

4.  Given  a  warning  and  EPI  activities  to  prepare  the  public  for 
going  to  shelter, 

3'  •  value  of  3  if  public  is  fully  prepared, 

Al'j  •  maximum  change  in  3  between 

(a)  not  having  any  public  preparedness  and 

(b)  having  fully  effective  EPI,  and 

1^  -  net  effectiveness  of  public  preparedness  for  shelter 
activities.  Then, 

3  -  8*{l  -  AId(l  -  Id>) 

■  value  of  3  to  be  used  in  calculating  f(tp) 
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5.  Given  chat  f ( )  and  f(c  )  are  dependent  probability 

distributions,  they  cannot  simply  be  added  but  must  be 
convoluted,  then, 

f(t  )  •  £(t.)  convoluted  with  f ( t  ) 
w  a  p 

-  fraction  of  those  who  intend  to  go  to  shelter  who  have 
started  to  move  by  cime  t. 


o. 


Given  chat 

(a)  the  cime  it  takes  for  people  to  move  to  shelter  depends  on 
the  distance  they  must  move  and  their  walking  speed  and 

(b)  walking  speed  can  be  affected  by  adverse  weather, 


FP^w  ■  fraction  of  the  population  of  shelter  class  i  who  could 
be  affected  by  adverse  weather, 

Py  ■  probability  of  occurrence  of  adverse  weather,  and 

■  fractional  reduction  in  walking  speed  because  of 
adverse  weather.  Then, 


FP 


iw 


P  (1  -  AV  ) 

w  w 


■  fractional  reduction  in  the  fraction  of  those  moving  to 

shelter  who  would  arrive  by  cime  t  after  starting  to 

31 

tnove . 


Given  that  the  rate  at  which  people  move  to  shelter  can  depend 
on  the  capability  of  the  warden  service  for  managing  the  movement, 

f'(ta)*  fraction  of  chose  moving  to  shelter  who  could  arrive 

within  cime  tB  if  warden  service  were  fully  capable  and 
weather  were  favorable. 


1WT  -  maximum  change  in  f(t  )  between 

(a)  not  having  any  warden  service  capability  and 

(b)  having  fully  adequate  warden  service  capability,  and 

WF  -  net  capability  of  warden  service  for  managing  movement 
to  shelter.  Then 
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’ 


3. 


9. 


10. 


11. 


f(t  )  -  f’(t  )(L  -  K  ){l  -  iUF(l  -  WF)} 

31  !3  W 

■  fraction  of  chose  moving  to  shelter  who  would  arrive 

in  shelter  within  time  t  after  starting  to  move. 

a  ° 

Given  that  f(t)  and  f(t  )  are  dependent  probability  distributions, 
they  cannot  simply  be  ad§ed  but  must  be  convoluted,  then. 


f(t  )  ■  f(c  )  convoluted  with  f(t  ) 

s  w  a 

■  fraction  of  population  who  intend  to  go  to  shelter  class 
i  who  are  in  shelter  by  time  t  after  start  of  alert. 

Given  chat  the  fraction  of  the  population  actually  in  shelter 
class  i  at  time  t  depends  on  the  fraction  who  decide  to  go, 
and , 


PC.  ■  fraction  of  the  population  who  decide  to  go  to  shelter 
class  i.  Then, 


FP 


it 


-  FMS 


i 


f(cs) 


fraction  of  population  in  shelter  class  i  at  time  t 
after  start  of  alert. 


Given  that  the  fraction  of  the  population  who  have  started  to 
move  to  shelter  class  i  by  time  t  depends  on  the  fraction  who 
decide  to  go.  Then, 


PC  -  PC  •  f(c  ) 
it  i  w 

■  fraction  of  population  who  have  started  to  move  to 
shelter  class  i  by  time  t  after  start  of  alert. 


Given  that  Che  fraction  of  the  population  who  have  started  to 
move  to  shelter  class  i  by  time  t  less  the  fraction  in  shelter 
class  1  at  time  C  would  be  in  Che  open  at  time  t,  Chen, 


FE 


it 


FMS 


it 


fraction  of  population  who  intend  to  go  to  shelter 
class  1  who  are  in  open  at  time  t  after  start  of  alert. 
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Given  that  the  fraction  of  the  population  assigned  to  shelter 
class  i  who  are  still  at  random  in  residences  at  time  t  have 
not  started  to  move  by  time  t,  and, 

FA  ■  fraction  of  population  assigned  to  shelter  class  i. 
Then, 


FS 


it 


FAi  *  ^it 


fraction  of  population  assigned  to  shelter  class  i  who 
are  at  random  in  residences  at  time  t  after  start  of 
alert . 
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FRACTION  GOING  TO  SHELTER  -  FMS , 


Concept 


FMS t  ■  traction  of  the  total  population  who  would  decide  to  go  to 
shelter  class  1. 

Operation:  The  public  is  warned  by  one  or  more  warning  systems  and 

alternatively  bv  public  safety  (police)  and  warden  services 
and  by  members  of  the  public.  Adverse  weather  would  deter 
sose  people  . -wo  deciding  to  go.  Soae  would  decide  not  to 
go  in  anv  event . 

Analys  1s : 

1.  Given  warning  systems  that  are  redundant,  so  that, 


E  ■  fraction  of  population  warned  bv  SAUAS , 
sn  r 

Ejc  •  fraction  of  population  warned  by  CHAT,  and, 

E  ,  .  "  fraction  of  population  warned  by  system  (X).  Then, 

S  v  X  / 

E  -  E  ♦  E  ♦  E  ,  *  -  E  E  -EE,v-EE,v+EEE/x 
s  sn  sc  s(x)  sn  sc  sn  s(x)  sc  s(x)  sn  sc  s(x) 

■  fraction  of  population  warned  by  all  warning  systems 


2.  Given  chat  the  public  safety  services  (police)  could  warn  the 
public  if  called  for  in  the  operations  plan, 

LK'  ■  fraction  of  risk  population  with  police  service  adequate 
for  warning  the  public. 


APB  -  maximum  change  in  police  capability  to  warn  the  public 
between 

(a)  not  having  this  activity  treated  in  the  operations  plan,  and, 

(b)  having  this  activity  adequately  treated  In  the  operations 
plan,  and. 


PB  •  net  adequacy  of  creatacnt  of  police  warning  activity  in 
operations  plan.  Then, 
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UC  ■  LK'{1  -  1PB(1  -  PB) } 

•  fraction  of  the  risk  public  with  police  trying  to  warn 
then. 

3.  Given  that  the  police  aay  not  be  fully  effective  in  warning 
the  public  so  chat, 

K.  "  relative  capability  of  police  in  warning  the  public. 

Then, 

E.  •  K,  •  LX 

■  fraction  of  risk  public  who  can  be  warned  by  police. 

■*.  Given  that  the  warden  service  could  warn  the  public  if  called 

for  in  the  operations  plan, 

WY‘  •  fraction  of  risk  public  with  warden  service  adequate  for 
warning  Che  public, 

1PB  •  aaxinum  change  in  warden  capability  to  warn  the  public 
between 

(a)  not  having  this  activity  created  in  the  operations 
plan,  and, 

(b)  having  this  activity  adequately  treated  in  the 
operations  plan,  and 

PB  ■  net  adequacy  of  creataent  of  warden  warning  activity  in 
operations  plan.  Then, 

my  -  vr'd  -  ipb(  1  -  pb)} 

•  fraction  of  Che  risk  public  with  warden  trying  to  warn  them. 

5.  Given  that  the  warden  service  may  not  be  fully  effective  in 
warning  the  public  so  chat, 

K.,  •  relative  capability  of  warden  service  in  warning  Che  public. 
Then, 

E  -  K,  •  VY 

w  2 

•  fraction  of  risk  public  who  can  be  warned  by  warden  service. 
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Given  EPI  activities  to  prepare  the  public  for  warning,  so  that, 

1^  ■  net  effectiveness  of  EPI  in  preparing  the  public  for 
warning,  and, 

K..  ■  fraction  of  the  public  who  would  cry  to  assure  that  others 
would  understand  and  respond  to  the  warning.  Then, 

°w  -  k3  •  ib 

■  fraction  of  population  crying  to  warn  others. 

Given  chat  aembers  of  the  public  may  not  be  fully  effective 
in  warning  others  so  chat, 

K,  ■  relative  capability  of  the  public  to  warn  others.  Then, 

E  -  K,  •  OW 
o  4 

•  fraction  of  risk  public  warned  by  ocher  aembers  of  the  public. 
Given 

(a)  chat  any  member  of  the  public  could  be  warned  by  any  of  the 
four  means  but  need  not  be  warned  more  than  once  and 

(b)  that  public  reception  of  the  warning  could  depend  on  the 
effectiveness  of  EPI  activities, 

Atb  *  maximum  change  in  fraction  of  public  receiving  and 
understanding  the  warning  between 

(a)  not  having  any  public  preparedness  EPI  and 

(b)  having  fully  effective  public  preparedness  for  warning,  and, 

Ife  •  net  effectiveness  of  EPI  in  preparing  public  for  warning.  Then, 

E  -  (E  ♦  E.  ♦  E  ♦  E 
C  s  l  w  o 

-  EsEt  -  E#Ew  -  EfEo  -  E£Ew  -  E^Eq  -  E^ 


+  Ww*  Wo*  Wo 

-  E§EtEwEo){l  -  AIb(l  -  Ib)} 

fraction  of  population  who  receive  and  understand  the  warning. 


Given  that  adverse  weather  nay  dissuade  some  people  from 
deciding  to  go  to  shelter, 

FP^  -  fraction  of  population  subject  to  adverse  weather, 

•  probability  of  occurrence  of  adverse  weather,  and 

•  fraction  of  the  population  assigned  to  shelter  class  1 

who  would  decide  not  to  go  to  shelter  because  of  adverse 
weather  If  It  occurred.  Then, 


■  fraction  of  population  assigned  to  shelter  class  1  who 
would  decide  not  to  go  to  shelter  because  of  adverse 
weather . 

Given  that  some  fraction  of  the  population  would  be  dissuaded  by 

adverse  weather,  and, 

FA^  ■  fraction  of  population  assigned  to  shelter  class  1.  Then, 
FMS[  -  FAt  •  Ec(l  -  K6) 

■  fraction  of  the  population  deciding  to  go  to  shelter  class 
1  If  warning  Is  fully  effective  in  persuading  them  to  go. 

Given  that 

(a)  warning  ef f ectlveness  could  vary  among  classes  of  shelter  and 

(b)  some  fraction  of  the  population  will  not  go  to  shelter  In 
any  event, 

K7  •  relative  effectiveness  of  warning  In  persuading  the 
population  to  go  to  shelter  class  1,  and, 

FS,  “  fraction  of  those  assigned  to  shelter  class  1  who  will 
L  not  go.  Then, 

FMSi  -  F>C[(1  -  FSl)K? 

■  fraction  of  total  population  deciding  to  go  to  shelter 
class  1. 


■ 
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EFFECTIVENESS  OF  WARNING  SYSTEMS  -  E  .  . 

s(x) 


^s(x)m  net  effectiveness  of  a  warning  system;  i.e.,  the  fraction  of  the 

population  who  would  receive,  understand,  and  be  persuaded  to  respond 
as  intended  when  the  warning  is  given. 

Operation :  Warning  consists  of  two  parts: 

(a)  an  alerting  signal  to  capture  the  attention  of  the  people  and 

(b)  a  message  to  confirm  the  reality  of  the  warning  and  give 
essenclal  instructions.  In  some  systems  the  two  are  combined 
as  in  a  pure  siren  system  or  a  pure  radio/TV  system.  In 
others,  they  are  separate  as  when  the  alert  is  by  sirens  and 
the  message  by  radio/TV.  The  system  may  be  all  Federal  as 
when  the  Information  goes  directly  from  the  National  warning 
center  to  radio  and  TV  stations.  It  may  be  both  Federal  and 
local  as  in  NAWAS  in  which  the  national  warning  center  passes 
the  information  to  local  warning  points  and  from  them  to  the 
alerting  and  informing  devices. 

Analysis:  (System  tree  overleaf) 

1.  Given  a  warning  system  with  Federal  informing  staff,  so  that, 

DFS'  •  fraction  of  the  population  with  adequate  trained 
Federal  informing  staff, 

AHI  «  maximum  change  in  operating  capability  of  Federal 
informing  staff  betveen 

(a)  not  having  any  organization  exercise  and 

(b)  having  fully  adequate  exercises,  and 

HI  •  net  adequacy  of  Federal  informing  staff  exercises.  Then, 
DFS  -  DFS* (l  -  AHI(1  -  HI)} 

•  fraction  of  the  population  having  fully  competent  Federal 
Informing  staff. 

2.  Given  Federal  informing  facilities  to  be  employed  by  informing 

staff,  so  that. 
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DFF  •  fraction  of  population  within  range  of  Federal 
Informing  facilities.  Then, 

DF'  -  Min  DFS  :  DFF 

•  fraction  of  the  population  who  could  be  informed  by 
the  Federal  system  given  adequate  operations  plans. 

Given  a  potential  Federal  informing  capability, 

-HB  “  maximum  change  in  informing  capability  between 

(a)  not  having  this  activity  treated  in  operations  plans 
and, 

(b)  having  fully  adequate  treatment  in  operations  plans,  and 
HB  ■  net  adequacy  of  Federal  informing  operations  plans.  Then, 

DF  -  DF' ( 1  ~  1HB( 1  -  HB)} 

•  fraction  of  the  population  having  adequate  Federal 
Informing  capability. 

Given  a  warning  system  with  local  informing  staff,  so  that, 

DQS'  ■  fraction  of  the  population  with  adequate  trained  local 
informing  staff, 

•1PI  •  maximum  change  in  operating  capability  of  local 
infc rmlng  staff  between 

(a)  not  having  any  organization  exercise  and 

(b)  having  fully  adequate  exercises,  and 

PI  ■  net  adequacy  of  local  Informing  staff  exercises.  Then, 

DQS  -  DQS'{1  -  API(1  -  PI)} 

■  fraction  of  the  population  having  fully  competent  local 
Informing  staff. 

Given  local  informing  facilities  to  be  employed  by  Informing 
staff  so  that, 

DQF  •  fraction  of  population  within  range  of  local  informing 
facilities.  Then, 
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DQ'  •  DQS  •  DQF 

■  fraction  of  the  population  who  could  be  informed  by 
the  local  system  given  adequate  operations  plans. 

6.  Given  a  potential  local  informing  capability, 

APB  -  maximum  change  in  informing  capability  between 

(a)  not  having  this  activity  treated  in  operations  plans,  and, 

(b)  having  fully  adequate  treatment  in  operations  plans,  and, 

PB  -  net  adequacy  of  local  informing  operations  plans.  Then, 

DQ  -  DQ'U  -  APB(  1  -  PB)} 

■  fraction  of  the  population  having  adequate  local  Informing 
capability. 

7.  Given  a  combined  Federal/local  informing  system  in  which 
information  passes  from  Federal  to  local  to  the  public, 

AHI  ■  maximum  change  in  informing  capability  of  the  combined 

system  between 

(a)  not  having  any  Joint  organization  exercise  and 

(b)  having  fully  adequate  Joint  exercises,  and 

HI  •  net  adequacy  of  Joint  exercises  of  Federal  and  local 
informing  organizations.  Then, 

E'  •  (Min  DQ  :  DF){1  -  AHI(1  -  HI)} 

q 

■  fraction  of  the  population  who  could  be  Informed  if  system 
were  fully  effective. 

8.  Given  a  potential  informing  capability,  and, 

•  relative  effectiveness  of  Informing  system.  Then, 


■  fraction  of  the  population  who  can  be  Informed. 


Given  a  warning  system  with  Federal  alerting  staff,  so  that, 

DES'  •  fraction  of  the  population  with  adequate  trained 
Federal  alerting  staff, 

AHI  •  maximum  change  in  operating  capability  of  Federal 
alerting  staff  between 

(a)  not  having  any  organization  exercise  and 

(b)  having  fully  adequate  exercises,  and 

HI  ■  net  adequacy  of  Federal  alerting  staff  exercises.  Then, 
DES  -  DES'{1  -  AHI(1  -  HI)} 

■  fraction  of  the  population  having  fully  competent  Federal 
alerting  staff. 

Given  Federal  alerting  facilities  to  be  employed  by  alerting 
staff  so  that, 

DEF  ■  fraction  of  population  within  range  of  Federal  alerting 
facilities.  Then, 

DE'  -  Min  DES  :  DEF 

■  fraction  of  the  population  who  could  be  alerted  by  the 
Federal  system  given  adequate  operations  plans. 

Given  a  potential  Federal  alerting  capability, 

.1HB  -  maximum  change  in  alerting  capability  between 

(a)  not  having  this  activity  treated  in  operations 
plans  and, 

(b)  having  fully  adequate  treatment  in  operations  plana, 
and, 

HB  -  net  adequacy  of  Federal  alerting  operations  plans.  Then, 
DE  -  DE’{1  -  AHB( 1  -  HB) } 

■  fraction  of  the  population  having  adequate  Federal 
alerting  capability. 
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12.  Given  a  warning  system  with  local  alerting  staff,  so  that, 

DPS'  -  fraction  of  the  population  with  adequate  trained 
local  alerting  staff, 

API  •  maximum  change  in  operating  capability  of  local  alerting 
staff  between 

(a)  not  having  any  organization  exercise  and 

(b)  having  fully  adequate  exercises,  and, 

PI  ■  net  adequacy  of  local  alerting  staff  exercises.  Then, 

DPS  -  DPS ' { 1  -  API(1  -  PI)} 

■  fraction  of  the  population  having  fully  competent  local 
alerting  staff. 

13.  Given  local  alerting  facilities  to  be  employed  by  alerting  staff 
so  that, 

DPF  ■  fraction  of  population  within  range  of  local  alerting 
facilities.  Then, 

DP'  -  DPS  •  DPF 

■  fraction  of  the  population  who  could  be  alerted  by  the 
local  system  given  adequate  operations  plans. 

14.  Given  a  potential  local  alerting  capability, 

APB  ■  maximum  change  in  alerting  capability  between 

(a)  not  having  this  activity  treated  in  operations  plans 
and , 

(b)  having  fully  adequate  treatment  in  operations  plans, 
and 

PB  •  net  adequacy  of  local  alerting  operations  plans. 

DP  -  DP’{1  -  AP3( 1  -  PB)} 

■  fraction  of  the  population  having  adequate  local 
alerting  capability. 


Given  a  combined  Federal/ local  alerting  system  in  which 
information  passes  from  Federal  to  local  to  the  public, 

1HI  •  maximum  change  in  informing  capability  of  the  combined 

system  between 

(a)  not  having  any  joint  organization  exercise  and 

(b)  having  fully  adequate  joint  exercises,  and 

HI  •  net  adequacy  of  joint  exercises  of  Federal  and  local 
alerting  organizations.  Then, 

E'  -  (Min  DP  :  DE  ){1  -  iHKl  -  HI)} 

P 

•  fraction  of  the  population  who  could  be  alerted  if  system 
were  fully  effective. 


Given  a  potential  alerting  capability,  and, 

iC,  ■  relative  effectiveness  of  alerting  system.  Then, 


■  fraction  of  the  population  who  can  be  alerted. 

Given  that  a  person  to  be  warned  must  be  alerted  and  informed, 
Chen, 


E 


s  ( x) 


-  Min  E  :  E 
P  H 

•  fraction  of  the  population  who  can  be  warned  by  the 
warning  system  whose  effectiveness  is  being  assessed. 


M 


WARDEN  -  MOVEMENT  TO  SHELTER  CAPABILITY  WF 


3-121 


WARDEN-MOVEMENT  TO  SKELTER  CAPABILITY  -  WF 


WF  ■  net  capability  of  the  warden  service  to  manage  a  movement  to  shelter. 

Operation:  People  are  informed  generally  of  the  location  of  shelters  in  their 

vicinity  but  do  not  have  assignments  to  specific  shelters. 

Movement  to  shelter  can  require  less  time  if  guided  to  avoid 
bottlenecks.  Some  shelters  will  fill  before  others  and  people 
will  spend  less  time  in  the  open  if  guided  to  those  with  available 
space.  The  warden  service  oversees  the  movement  with  police 
support  in  guidance  and  maintaining  order  and  D&C  information 
support . 

Analysis : 

1.  Given  warden  movement  staff  so  that, 

WFR  -  WER  (Page  3-23) 

■  fraction  of  population  with  adequate  movement  staff  at 
program  completion. 

2.  Given  an  on-board  movement  staff  that  should  be  trained  for 
movement  to  shelter, 

VFT  ■  fraction  of  population  with  adequate  trained  movement  staff 
L  at  program  start,  and 

2.WTT  ■  net  additional  fraction  for  whom  movement  staff  is  trained 
in  program.  Then, 

wrr  •  wn  +  lvft 

o 

■  fraction  of  population  with  adequate  trained  movement  staff 
at  program  completion. 

3.  Given  that  some  of  the  movement  staff  may  be  lost  because  of  staff 
turnover  either  before  or  after  being  trained,  then. 


S-Cs. 


F/G  15/3 
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VFS ’  -  Min  VFR  :  VFS 

■  fraction  of  the  risk  population  with  adequate  movement 
staff  who  have  had  individual  training  in  crisis  relocation 
movement  management. 

Given  that  organization  exercise  in  emergency  operations  can 
increase  staff  capability  so  that, 

API  •  maximum  change  in  movement  staff  capability  between 

(a)  not  having  any  exercise  of  the  movement  staff  and 

(b)  having  fully  adequate  exercise  of  the  movement  staff,  and, 

PI  •  net  adequacy  of  exercises  for  training  of  the  movement  staff. 
Then, 

WTS  •  VFS'{l  -  APIfl  -  PI)} 

■  fraction  of  the  risk  population  having  fully  competent 
movement  staff  at  program  completion. 

Given  chat  the  warden  service  could  have  service  communications 
for  Che  movement  staff  so  chat, 

VFC  »  fraction  of  the  risk  population  with  adequate  communications 
0  for  the  movement  staff  at  program  start,  and 

AVFC  *  net  additional  fraction  for  whom  movement  staff 
communications  are  procured  in  program.  Then, 

VFC  -  'VFC  ♦  AVFC 
o 

-  fraction  of  risk  population  with  adequate  movement  staff 
communications  at  program  completion. 

Given  chat  the  warden  service  could  have  facilities  for  managing 
the  movement  to  shelter. 

VFF  ■  fraction  of  risk  population  with  adequate  movement 
0  facilities  at  program  start,  and 

A  VFF  •  net  additional  fraction  for  whom  facilities  are  procured 
In  program.  Then, 

VFF  ■  VFF  ♦  A VFF 
o 

•  fraction  of  risk  population  with  adequate  movement  facilities 
at  program  completion. 


Given  chat 

(a)  communications  and  facilities  can  enhance  the  management 
capabllltv  of  the  movement  staff  and 
lb)  it  would  oe  limited  by  the  lesser  of  them. 

AWFC  ■  maximum  change  in  movement  staff  capability  between 

(a)  not  having  any  co«unications  and 

(b)  having  fully  adequate  communications,  and, 

AWFF  •  maximum  change  in  movement  staff  capability  between 

(a)  not  having  any  facilities  and 

(b)  having  fully  adequate  facilities.  Then, 

WF*  -  VFS  •  Min(l  -  AVFCll  -  WFC)}:il  -  AWFFd  -  WFF) } 

■  fraction  of  risk  population  with  adequate  capability  to 
manage  Che  movement  to  shelter  given  the  necessary  support. 

Given  chat  the  CO  organization  should  support  the  warden  movement 
staff 

(a)  by  Informing  the  public  about  movement  to  shelter  and 

(b)  by  giving  direct  assistance, 

AIj  •  maximum  change  in  movement  to  shelter  capability  between 

(a)  not  having  any  EPI  activities  to  prepare  people  for 
going  to  shelter  and 

(b)  having  fully  adequate  public  preparedness. 

1^  •  net  adequacy  of  public  preparedness  for  going  to  shelter. 

ADS  “  maximum  change  in  movement  to  shelter  capability  between 

(a)  not  having  any  D&C  public  information  capability  during 
movement  and 

(b)  having  fully  adequate  D&C  capability 

DS  •  net  adequacy  of  D&C  capability  to  Inform  public  during 
movement  to  shelter, 

A LG  ■  maximum  change  in  movement  to  shelter  capability  between 

(a)  not  having  any  police  service  guidance  and  maintenance 
of  order  capability  and 

(b)  having  fully  adequate  police  service  capability,  and, 

LG  •  net  capability  of  police  service  to  guide  and  maintain  order 
in  a  movement  to  shelter. 
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ADX  •  maximum  change  In  movement  Co  shelter  capability  between 

(a)  not  having  any  D&C  capability  to  inform  the  warden 
service  and 

(b)  having  fully  adequate  D&C  system  information  capability, 

DX  •  net  capability  of  D&C  to  supply  system  information  to  the 
warden  service, 

IPS  •  maximum  change  in  movement  to  shelter  capability  between 

(a)  not  having  the  activity  created  in  operations  plans  and 

(b)  having  fully  adequate  treatment  in  operations  plans, 

PB  •  net  adequacy  of  treatment  of  movement  to  shelter  in 
operations  plans, 

Api  -  maximum  change  in  movement  to  shelter  capability  between 

(a)  not  having  any  exercise  of  the  CD  organization  in 

movement  to  shelter  and 

(b)  having  fully  adequate  organization  exercise,  and 

PI  ■  net  adequacy  of  exercise  of  the  CD  organization  in  movement 
to  shelter.  Then, 

WF  -  VF’{l  -  AId(l  -  Id)Hl  -  ADS(1  -  DS)}{1  -  ALGU  -  LG)} 

{1  -  ADX( 1  -  DX)}{1  -  £PB(  1  -  PB)}{1  -  API(1  -  PI)} 

■  fraction  of  the  population  who  are  moving  to  shelter  who 

can  arrive  in  the  shelters  within  time  t  given  the 
capability  of  the  warden  movement  staff  is  supported. 


PUBLIC  PREPAREDNESS  -  VARNINC  -  I. 

b 

Concept 


■  net  effectiveness  of  CD  organization  in  educating  the  public  before 
an  attack  (such  as  in  a  surge  period)  to  prepare  then  for  warning: 

Che  nature  and  meaning  of  the  alerting  signal  and  confirming  message, 
and  the  means  by  which  thev  will  be  transmitted,  so  that  they  can 
understand  the  warning  when  given  and  respond  to  it  as  Intended. 

Operation:  (See  Public  Preparedness  -  Crisis  Relocation  -  I  -  Page  B-83) 

c 

Analysis:  (Systems  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of 
Public  Preparedness  -  Crisis  Relocation  -  I  .  The  codes  differ 
as  seen  in  the  system  tree.  The  definitions  change  by  substi¬ 
tuting  "warning"  for  "crisis  relocation." 


PUBLIC  INFORMATION  MATERIALS  -  WARNING  -  IB 


Concept 


IB  •  net  adequacy  of  Informational  materials  prepared  for  use  in  public 
preparedness  education  in  warning:  the  nature  and  meaning  of  the 
alerting  signal  and  confirming  message  and  the  means  by  which  they 
will  be  transmitted. 

Operation:  Public  information  materials  are  prepared  by  personnel  of  an  EPI 
staff  element  of  the  preparedness  system  organization  trained 
for  assignment  to  their  positions  and  arrangements  are  concluded 
for  dissemination  of  these  materials.  Information  for  these 
materials  can  be  supplied  from  the  planning  and  development  of 
alerting  and  Informing  capabilities  of  warning  systems,  national, 
or  local,  or  both  depending  on  the  program. 

Analysis:  (System  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of  Public 
Information  Materials-Crlsis  Relocacion-IC,  with  "warning” 
substituted  for  "crisis  relocation"  in  the  definitions,  except 
in  relationship  S,  in  which  warning  plans  are  sources  of 
information  Instead  of  crisis  relocation  plans.  Then  relationship 
S  becomes,  for  local  systems, 

AIB  -  •  IBS  { 1  -  AAD(1  -  AO)  Hi  -  AA£(1  -  AE)} 

•  oat  additional  fraction  of  the  population  for  whom 
informational  materials  related  to  local  warning  systems 
can  be  prepared  in  program. 

or  alternatively  for  national  warning  systems, 

AH  ■  •  IBS { 1  -  AAA(1  -  AA) } { 1  -  AAB(1  -  AB) } 

•  net  additional  fraction  of  population  for  whom  informational 
materials  related  to  national  warning  systems  can  be  prepared 
in  program. 

or  if  both  local  and  national  systema  are  Involved, 

IB  -  IL  •  IBS { 1-iAA  ( 1-AA)  Kl-AAB(l-AB)  }{1-AAD(  1-AD)  Hl-AAE(l-AE)} 

■  net  additional  fraction  of  population  for  whom  informational 
materials  related  to  warning  can  be  prepared  in  program. 
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PUBLIC  INFORMATION  MATERIALS  -  WARNING  -  IB 


'•o 


PUB  INFO  WARNING 


NCT 

AOCOUACY 

IB 


|  FOB.  INFO-WARNING  | 
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i  ' — i 
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. j  L-“_  j 
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1  S 

CPI  STAFF 

Nl 
CAP  AC 

II 

IT 

ILITY 

IB 

(LOCAL) 


l~Jh 

CPI  STAFF 
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n 

-NL 

CAPABILITY 

IBS' 

j  -ML 

RSCRUfTINQ 

TRAINING 

ON  BOARO 
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1ST 

NOT! .  OBFCNOINO  ON  FROORAM.  PUBLIC  PRCPARCDNCSS  INFORMATION  MAY  BC 
NtlOBO  FOR  A  NATIONAL  WARNING.  A  LOCAL  WARNING  SYSTtM.  OR  BOTH 
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PUBLIC  PREPAREDNESS  -  SHELTER  -  I 


Concept 


net  effectiveness  of  CD  organization  in  educating  the  public  before 
an  attack  —  as  in  a  surge  period  —  to  prepare  them  for  going  to 
shelter  by  informing  thea  of  9uch  setters  as: 

(a)  locations  of  the  shelters, 

(b)  preparations  the  public  should  sake  in  advance  of  going  to  shelter, 

(c)  what  they  can  expect  to  find  in  the  shelters, 

(d)  the  specific  actions  they  should  take  in  moving  to  shelter,  and 

(e)  the  actions  they  should  take 

(1)  to  obtain  the  maximum  protection  in  the  shelters,  and 

(2)  in  fire  fighting,  rescue,  remedial  movement,  and  so  on. 


Operation: 


(See  Public  Preparedness  -  Crisis  Relocation  -  I  -  Page  B-83) 


Analysis:  (System  tree  overleaf) 


The  logic  and  relationships  of  the  analysis  follow  those  of 
Public  Preparedness  -  Crisis  Relocation  -  I  .  The  codes  differ 
as  seen  in  the  system  tree.  The  definition!  change  by  substituting 
"going  to  shelter"  for  "crisis  relocation". 


PUBLIC  PREPAREDNESS  SHELTER 
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PUBLIC  INFORMATION  MATERIALS  -  SHELTER  -  ID 


ID  ■  net  adequacy  of  informational  materials  prepared  for  use  In  public 
preparedness  education  for  occupation  of  the  shelters  and  addressed 
to  such  subjects  as 

(a)  the  lo:atlon  of  the  shelters, 

(b)  the  preparations  the  public  should  make  in  advance  of  going  to  shelter, 

(c)  what  the  public  should  expect  to  find  in  the  shelter, 

(d)  the  specific  actions  the  people  should  take  in  moving  to  shelter,  and 

(e)  the  actions  they  should  take 

(1)  to  obtain  the  maximum  protection  in  the  shelter  and 

(2)  in  regard  to  measuring  radiation,  fighting  fire,  rescue, 
ventilation,  conserving  water,  remedial  movement,  etc. 

Operation:  ?ublic  information  materials  are  prepared  by  personnel  of  an  EPI 
staff  element  of  the  preparedness  system  organization  trained  for 
assignment  to  their  positions  and  arrangements  are  concluded  for 
dissemination  of  these  materials.  Information  for  these  materials 
can  be  supplied  by  Federal  and  State  CD  and  from  shelter  u»e  plans. 

Analysis:  (System  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of  Public 
Information  Materials  -  Crisis  Relocation  -  IC,  with  "shelter" 
substituted  for  "crisis  relocation"  in  the  definition  except  in 
relationship  5  where  shelter  use  plans  are  the  sources  of 
information  Instead  of  crisis  relocation  plans.  Then  telationship 
S  becomes, 

AID  -  •  IDS{1  -  ASC(1  -  SC) Hi  -  ASD(1  -  SD)> 

•  net  additional  fraction  of  population  for  whom  adequate 

informational  materials  for  public  preparedness  for  shelters 
can  be  prepared  in  program. 
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MOVEMENT  TO  SHELTER 
POLICE-CONTROL  TRAFFIC  -  LG 


Concept 


LG  ■  nec  capability  of  the  police  service  to  guide  and  control  a  movement  to 
shelter . 

Operation:  People  need  to  be  guided  to  the  shelters  especially  to  those  with 

available  space  after  some  have  filled.  In  addition,  it  is  necessary 
to  maintain  order  at  shelter  entrances  to  assure  minimum  delay  in 
entering.  The  warden  service  has  overall  management:  the  police 
service  guides  and  maintains  order  with  information  support  by  D&C. 

Analysis :  (System  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of  Crisis 
Relocation  -  Traffic  Control  Capability  -  LF,  with  "movement  to 
shelter"  substituted  for  "relocation  traffic  control"  in  the  defi¬ 
nition.  In  relationship  8,  PI  (local  exercise)  is  substituted  for 
NI  (Joint  State/local  exercise). 
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SECTION  8.3 

EFFECTIVENESS  IN  IMPROVING  BLAST  PROTECTIVE  POSTURE 

(AMLOP,  AMCOP) 

This  part  of  PAM  produces  estimates  of  the  fractional  Increase  In 
median  lethal  and  casualty  overpressures  achieved  by  the  system.  In  use 
the  aodel  produces  an  estimate  of  the  fraction  of  the  population  of  a  given 
shelter  class  chat  would  be  in  the  improved  posture.  This  fraction  Is  applied 
to  the  potential  Increase  (a  technical  estimate)  to  arrive  at  an  estimate  of 
Che  net  average  Increase. 

In  this  part  of  PAM  allowance  Is  made  for  emergent  shelter  leaders  who 
would  function  In  the  absence  of  shelter  managers  who  are  members  of  the  CD 
organization.  In  effect  this  means  that  every  shelter  in  the  class,  nation¬ 
wide,  is  led  either  by  a  shelter  manager  or  by  an  emergent  leader. 

It  can  be  noted  in  the  descriptions  of  Shelter  Communications  (SO,  SP) 
that  both  the  managers  and  Che  emergent  leaders  would  have  access  to  both 
EBS  and  system  communlcat ions .  The  difference  between  SO  and  SP,  then,  stems 
from  the  relative  ability  of  emergent  leaders  and  shelter  managers  to  under¬ 
stand  the  information  disseminated  by  D AC. 

The  following  elec  ncs  of  PAM  Included  in  this  section  have  appeared  in 
earlier  sections: 

In  B.l:  D&C-System  Information  Capability  (DZ) 

D&C-Publlc  Information  Capability  (DS) 

Operations  Plans  (PB) 

Organization  Exercise  (PI) 

In  B.2:  Public  Preparedness-Shelter  (I.) 

U 

Public  Information  Materlals-Shelter  (ID) 


Page 

B-63 

B-69 

B-75 

B-97 

B-129 

B— 131 
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EFFECTIVENESS  IN  IMPROVING 
BLAST  PROTECTIVE  POSTURE  -  (  MLOP.  -  MCOP) 
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INCREASED  BLAST  PROTECTION  -  AMLOP,  AMCOP 


Concept 


AMLOP  •  fractional  Increase  in  median  lethal  overpressure  (MLOP)  because  of 
loproved  blast  posture. 

AMCOP  •  fractional  Increase  in  aedian  casualty  overpressure  (MCOP)  because 
of  improved  blast  posture. 

Operat ion:  The  effectiveness  of  a  shelter  in  protecting  its  occupants  against 
injury  and  death  from  blast  effects  can  be  increased  by  arranging 
thea  in  the  preferred  posture  (e.g.t  seated  near  walls  and  columns) 
Instead  of  leaving  them  at  random.  Shelter  blast  ratings  (MLOP., 
MCOP^)  are  based  on  random  distribution.  Improved  blast  posture  can 
be  achieved  by  the  shelter  manager  or  by  an  emergent  leader  with 
information  support  by  D&C. 

Analysts : 

1.  Given  shelters  with  managers, 

VLR^  ■  fraction  of  population  having  shelter  managers  at  program 
start,  and 

AWLR  •  net  additional  fraction  for  whom  managers  are  recruited  in 
program.  Then, 

WLR  •  VLR  +  AVLR 
o 

•  fraction  of  population  having  shelter  managers  at  program 
completion. 

2.  Given  that  shelter  managers  should  be  trained  in  improving  blast 
posture, 

WLTq  ■  fraction  of  population  having  trained  shelter  managers 
at  program  start,  and 

AWLT  •  net  additional  fraction  for  whom  managers  are  trained  in 
program.  Then, 

WLT  •  WLT  +  AVLT 
o 

•  fraction  of  population  having  shelter  managers  trained  In 
Improved  blast  posture  at  program  completion. 
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Given  chat  some  managers  may  be  lose  because  of  turnover  either 
before  or  after  being  trained.  Then, 

WL’  -  Min  WL R  :  WLT 

■  fraction  of  population  having  shelter  managers  who  would 
try  to  improve  blast  posture  given  3&C  information  support. 

Given  that  the  shelter  manager  might  need  co  be  reminded  of 
improving  blast  posture, 

dSP  «  maximum  change  in  fraction  of  population  with  managers 
crying  to  Improve  blast  posture  between 

(a)  not  having  anv  information  from  D&C  and 

(b)  having  fully  adequate  information  from  D4C,  and 

SP  •  net  capability  of  shelter  managers  to  receive  and  understand 
instructions  from  D&C  about  improving  blast  posture.  Then, 

WL  -  WL '  { 1  -  iSPU  -  SP)} 

Given  that  managers  may  not  be  fully  effective,  and 

K,  •  relative  effectiveness  of  managers  in  achieving  improved 
^  blast  posture.  Then, 

E  -  K,  •  WL 
w  1 

■  fraction  of  population  in  Improved  blast  posture  because 
of  shelter  managers. 


Given 

(a)  a  public  information  activity  to  prepare  the  public  for 
shelter  occupancy  and 

(b)  that  some  of  the  public  will  learn  of  improved  blast  posture 
from  this  activity,  so  that, 

1^  •  net  effectiveness  of  public  information  in  preparing 
public  for  shelter  occupancy.  Then, 

OL’  «  Id 

•  fraction  of  public  having  emergent  shelter  leaders  who  would 
try  to  improve  blast  posture  given  information  support  by 
D4C. 
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Given  chat  che  emergent  leader  alight  need  Instructions  by  D&C, 

ASO  ■  maximum  change  in  fraction  of  population  having  emergent 
leaders  crying  to  improve  blast  posture  between 

(a)  not  having  any  Information  from  D&C  and, 

(b)  having  fully  adequate  information,  and 

SO  ■  net  capability  of  an  emergent  leader  to  receive  and 
understand  information  from  D&C  about  improving  blast 
posture.  Then, 

OL  -  0L'{1  -  AS0(1  -  SO)} 

■  fraction  of  population  with  emergent  leaders  trying  to 
Improve  blast  posture. 

Given  chac  emergent  leaders  stay  not  be  fully  effective,  and 

K7  •  relative  effectiveness  of  emergent  leaders  in  achieving 
improved  blast  posture.  Then, 

E  -  K,  OL 
o  2 

■  fraction  of  population  in  improved  blast  posture  because 
of  emergent  leaders. 

Given  that  any  individual  may  be  in  improved  blast  posture 
because  of  a  manager  or  an  emergent  leader  independently.  Then, 


■  fraction  of  population  in  Improved  blast  posture  because 
of  managers  and/or  emergent  leaders. 


Given  that  the  fractional  Increase  in  MLOP  (MCOP)  for  use  in 
POPDEF  equals  Che  proportionate  part  of  che  potential  increase 
equivalent  to  the  fraction  of  the  population  in  the  improved 
posture,  and 

AMLOPj^  •  fractional  Increase  in  MLOP  achievable  if  all  of  the  population 
of  shelter  class  1  were  in  improved  blast  posture.  Then, 

AMLOP1  -  E^  •  AMLOP^  (AMCOPt  -  E^  •  AMCOPp 

•  net  fractional  Increase  in  MLOP. (MCOP  )  because  of  improved 
blast  posture.  1 
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SHELTER  COMMUNICATIONS  -  SO.  SP 


SHELTER  COMMUNICATIONS  -  SO,  SP 
Concept 


SO  ■  Capability  of  shelter  occupants  to  receive  and  understand  information 
disseminated  by  D&C. 

SP  *  Capability  of  shelter  organization  personnel  to  receive  and  understand 
information  disseminated  by  D&C. 


Operation:  D&C  disseminates  Information  to  the  public  via  the  emergency 
broadcast  system  (EBS)  and  to  the  elements  of  the  system 
organization  via  whatever  system  communications  are  provided. 
The  public  is  urged  to  take  broadcast  receivers  to  shelter. 
The  ability  of  those  in  the  shelters  to  receive  information 
from  D&C  is  Increased  in  proportion  to  D&C's  ability  to 
disseminate  it. 


Analysis : 

1.  Civen  a  public  information  program  Intended  to  prepare  the 
public  for  going  to  shelter,  and 

1^  •  the  net  effectiveness  of  public  information  in  inducing 
additional  people  to  take  broadcast  receivers  to  shelter. 

Then, 

ASOE  -  Id 

■  additional  number  of  families  taking  broadcast  receivers 
to  shelter  because  of  program. 

2.  Given  that  some  families  have  been  Induced  by  past  programs  so 
that,  at  the  start  of  the  projected  program,  some  number  of  families, 
SOEq,  would  take  receivers  to  shelter,  then 

SOE’  -  SOE  +  ASOE 
o 

■  number  of  families  who  would  take  broadcast  receivers  to 
shelter  at  program  completion. 
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Given  chat  che  average  shelcer  would  have  families  and 
ehac  che  maximum  fraction  of  che  populacionof  a  shelcer  class 
chat  could  have  receivers  in  che  shelcer  -  1.0,  Chen, 

SOE  •  Min  1.0:  K,  *S0E' 

■  fraction  of  che  population  of  che  shelcer  class  who 
would  have  broadcast  receivers  in  shelcer  ac  program 
completion. 

Given  an  in-shelter  capability  to  receive  information  broadcast 
via  EBS  and  a  D&C  capability  co  broadcast  public  information, 

IDS  •  maximum  change  in  shelcer  capability  co  receive  public 
information  between 

(a)  not  having  any  D&C  public  information  capability  and 

(b)  having  fully  adequate  D&C  public  information  capability,  and 

DS  •  net  capability  of  D&C  to  broadcast  public  information. 

Then  , 

SO'  -  SOE { 1-ADS ( 1-DS ) } 

•  fraction  of  population  of  shelcer  class  having  the 
capability  to  receive  public  information  broadcast 
by  D&C  via  EBS. 

Given  some,  or  no,  system  communications  ac  start  of  program, 

SPEq  •  fraction  of  population  having  in-shelter  means  for  receiving 
D&C  system  information  ac  start  of  program,  and 

ASPE  ■  net  additional  fraction  for  whom  ln-shelter  means  for 

receiving  system  information  are  procured  during  program*  Then, 

SPE  •  SPE  ♦  ASPE 
o 

■  fraction  having  ln-shelter  means  for  receiving  system 
information  at  program  completion  . 
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6.  Given  the  in-shelter  capability  to  receive  information  from 
D&C  over  system  channels  and  a  D&C  capability  to  send  system 
information. 

1DX  •  maximum  change  in  shelter  capability  to  receive  system 
information  between 

(a)  not  having  any  D&C  capability  to  Inform  the  system  and 

(b)  having  fully  adequate  D&C  capability  to  inform  the  system,  and 

OX  *  net  capability  of  D&C  to  send  system  Information  to 
shelters.  Then, 

SP'  -  SPE { l-uDX( 1-DX) } 

■  fraction  population  of  shelter  class  having  the 
capability  to  receive  system  Information  sent  by 
D&C  via  system  channels. 

7.  Given  that  both  occupants  and  organization  personnel  can  receive 
information  from  D&C  both  via  EBS  and  via  system  channels,  the 
two  means  of  receiving  Information  are  redundant.  Then, 

SR’  -  SO'  +  SP'  -  SO'  •  SP' 

■  fraction  of  population  of  the  shelter  class  having  the 
capability  to  receive  information  from  D&C. 

8.  Given  that  the  occupants  of  the  shelters  in  the  class  —  Including 
an  emergent  leader  —  have  a  relative  ability,  less  than  1.0, 

to  understand  information  received  from  D&C  and  that  this  may 
differ  from  the  relative  ability  of  organization  personnel,  and 

•  relative  ability  of  shelter  occupants  to  understand  D&C 
information.  Then, 

SO  -  K2  •  SR’ 

■  fraction  of  population  of  shelter  class  having  the 
capability  to  receive  and  understand  D&C  information. 

9.  Similarly, 

K.  •  relative  ability  of  system  personnel  to  understand 
Information  from  D&C. 

SP  -  H3  •  SR’ 

-  fraction  of  population  of  shelter  class  with  organization 
personnel  ability  to  receive  and  understand  Information 
from  D&C. 
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SECTION  B.4 

FRACTIONS  FORCED  OUT  BY  FIRE  (FF)  AND  SURVIVING 
FIRE  EFFECTS  (FFS) 


This  pare  of  PAM  represents  two  major  operations:  (a)  fire  prevention 
which  occurs  before  the  attack  and  (b)  fire  suppression  which  occurs  after 
the  attack.  In  essence  the  model  produces  an  estimate  of  the  effectiveness 
of  fire  prevention  and  applies  this  to  the  potential  number  of  initial  fires 
to  find  the  number  of  buildings  Initially  sec  on  fire.  Then  it  produces 
estimates  of  fire  suppression  effectiveness  which  it  applies  to  the  estimated 
number  of  fires  In  succeeding  fire  generations  to  find  Che  number  of  buildings 
burning  in  each  generation  and  the  total  for  all  the  generations.  Then,  from 
the  total  it  produces  an  estimate  of  Che  Fraction  Forced  Out  (FF)  and,  from 
the  number  of  fires  in  the  Individual  generations,  the  Fraction  Surviving  Fire 
Effects  (FFS). 


The  following  elements  of  PAM  included  in  this  section 
earlier  sections: 


have  appeared 


Page 


in 


In  B.l: 


In  B.2: 


D&C-System  Information  Capability  (DZ)  B-63 

D&C-Publlc  Information  Capability  (DS)  B-69 

Operations  Plans  (PB)  B-75 

Organization  Exercise  (PI)  B-97 

Public  Preparedness-Shelter  (I.)  B-129 

a 

Public  Information  Materlals-Shelcer  (ID)  B— 131 
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FRACTION  FORCED  OUT  BY  FIRE  (FF) 
FRACTION  FORCED  OUT  AND  SURVIVING  (FFS) 

Concept 


FF^  ■  fraction  of  population  forced  out  of  shelter  class  i  by  fire. 

FFS^  •  fraction  of  the  population  forced  out  of  shelter  class  i  and 
surviving  the  fire  effects. 

Operation:  Burning  of  the  structures  in  which  shelters  are  located  forces 

their  occupants  to  leave.  Some  of  those  forced  out  die  from  the 
fire  effects.  Fires  can  spread  to  structures  not  initially 
ignited.  Fires  can  be  extinguished  by  both  shelter-based  and 
organized  fire  suppression  actlvltes. 

Analysis :  (System  tree  overleaf) 

1.  Given  Initial  primary  fires  and  a  possibility  of  extinguishing 

blast  wave  and  by  suppression  actions, 

buildings  having  initial  primary  fires. 

Initial  primary  fires  extinguished  by  fire 
activities,  and, 

primary  fires  surviving  blast  wave.  Then, 


buildings  with  initial  primary  fires  surviving 
efforts . 

2.  Given  initial  secondary  fires  and  a  possibility  of  extinguishing 
them, 

bQ  “  fraction  of  buildings  having  initial  secondary  fires,  and 

e.  *  fraction  of  Initial  secondary  fires  that  can  be  extinguished. 
Than, 

'b  '  bo  •  s 

■  fraction  of  buildings  vlth  initial  secondary  fires  surviving 
suppression  efforts. 


them  both  by  the 

a  •  fraction  of 
o 

ea  •  fraction  of 
suppression 

c  ■  fraction  of 
o 

f  *a  •  c  (1  - 
a  o  o 

•  fraction  of 
suppression 
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Given  that  a  building  may  be  on  fire  because  of  either  primary 
ignition  or  secondary  ignition,  then. 


f  - 

o 


f 

a 


■  fraction  of  buildings  with  sustained  fires  after  the  blast 
wave  and  inicial  suppression  activities. 


Given 

(a)  that  some  of  the  primary  fires  extinguished  by  the  blast 
wave  can  rekindle  and 

(b)  that  these  may  be  extinguished  by  suppression  actions, 

X  •  fraction  of  primary  fires  rekindling  after  being 
extinguished  by  blast  wave,  and 

e^  ■  fraction  of  rekindled  fires  extinguished  by  suppression 
activities.  Then, 

f  -  a  (1  -c  )  (1  -  e.) 

1  O  O  0  1 

■  fraction  of  buildings  with  first  generation  (rekindled) 
fires  after  first-generation  suppression  activities. 


Given 

(a)  that  the  number  of  fires  generated  by  fire  spread  depends  on 
the  number  burning  at  the  start  of  the  generation  and  the 
rate  (probability)  of  spread, 

(b)  that  these  new  fires  can  possibly  be  extinguished  by 
suppression  actions,  and, 

(c)  for  the  second  generation, 

p^  ■  probability  of  fire  spread,  and 

e^  •  fraction  of  second  generation  fires  extinguished  by 
suppression  activities.  Then, 

f2  *  fo  +  fl  *  pf(1  "  *2) 

■  fraction  of  buildings  with  sustained  fires  after  second- 
generation  suppression  activities. 
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Similarly, 

•  fraction  of  third  generation  fires  extinguished  by 
suppression  activities. 

f3  •  f,  •  pr(l  -  e3) 

■  fraction  of  buildings  with  sustained  fires  after  third- 
generation  suppression  activities. 

Similarly, 

e  -  fraction  of  fourth  generation  fires  extinguished  by 
suppression  activities. 


f,  -  f,  •  p.(l  -  e 

**  J  »  *4 


-  fraction  of  buildings  with  sustained  fires  after  fourth- 
generation  suppression  activities. 

Given  that  the  fraction  of  those  forced  out  by  fire  who  are 

killed  depends  on 

(a)  the  number  of  buildings  on  fire  in  the  fire  generation  aid 

(b)  the  race  at  which  thev  are  killed,  and 

■  rate  at  which  people  forced  out  by  fire  are  killed  by 
fire  effects.  Then, 

FFKil  "  Pk  *  fl 

•  fraction  of  those  forced  out  of  shelter  class  i  killed  in 
fire  generation  one. 

Similarly, 

rnC12  *  Pk  *  f2 

■  fraction  of  population  of  shelter  class  i  killed  in  fire 
generation  two. 

Similarly, 


FFKl3  •  pk  •  *3 


fraction  of  population  of  shelter  class  1  killed  in  fire 
generation  three. 


traction  of  population  of  shelter  class  i  killed  in 
fire  generation  four. 


Given  that  those  surviving  are  those  not  killed. 


FFS ,  - 


1  - 


4 


FFK 


in 


■  fraction  of  those  forced  out  by  fire  who  survive  fire 
effects . 


Given  that  the  total  fraction  forced  out  by  fire  is  the  sum 
of  those  forced  out  by  the  successive  fire  generation,  then. 


4 


fraction  of  population  of  shelter  class  1  forced  out 
of  shelter  bv  fire. 
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FIRE  PREVENTION-  OCCURRENCE  OF  INITIAL  FIRES  -  a  ,  b 

o  o 


Concept 


•  number  of  Initial  fires  (fraction  of  buildings  with  sustained  fires) 
resulting  from  exposure  to  the  thermal  pulse  when  fire  prevention 
measures  have  been  accomplished. 

b^  •  number  of  secondary  fires  (fraction  of  buildings  with  sustained  fires) 
resulting  from  damage  or  from  leaving  buildings  unattended  when  fire 
prevention  measures  have  been  accomplished. 

Operation:  Primary  fires  can  be  prevented  by 

(1)  screening:  opaqulng  windows,  moving  flammable  materials 
out  of  possible  exposure  to  the  thermal  pulse,  etc.,  and 

(2)  inhibiting:  treating  flammable  materials  with  ignition- 
retarding  substances. 

Secondary  fires  can  be  prevented  by  shutting  off  electric,  gas, 
and  liquid  fuel  supplies,  by  shutting  down  processes  that 
involve  fire,  etc.  Fire  prevention  measures  would  be  undertaken 
by  the  public:  by  the  residents  in  residential  buildings  and  by 
the  staffs  of  the  users  or  owners  of  other  types  of  facilities. 

The  efforts  of  the  public  can  be  enhanced  by  advice  and  assistance 
from  members  of  the  civil  defense  organization,  chiefly 

(1)  firefighters  (professional  and  auxiliary)  and 

(2)  others.  Included  here  in  the  term  "wardens." 

Analysis : 

1.  Given  public  information  activities  to  prepare  the  public  for 
attack  including  instruction  in  fire  prevention,  so  that, 

1^  ■  fraction  of  population  who  know  about  self-help  fire 
prevention,  and 

K,  •  fraction  of  those  who  know  who  could  accomplish  fire 
prevention  actions  with  some  help.  Then, 


■  fraction  of  population  who  could  accomplish  fire  prevention 
with  help. 
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2.  Given  that  the  fire  service  would  try  to  help  the  public  with 
fire  prevention, 

FA'  ■  fraction  of  population  with  firemen  who  could  try  to  help, 

APB  ■  maximum  change  in  fraction  of  population  with  firemen 
trying  to  help  between 

(a)  not  having  the  activity  treated  in  operations  plans,  and 

(b)  having  fully  adequate  treatment,  and 

PB  •  net  adequacy  of  treatment  of  fire  prevention  activities  of 
fire  service  in  operations  plans.  Then, 

FA  -  FA' {1  -  1PS( 1  -  PB)} 

■  fraction  of  population  having  firemen  trying  to  help  with 
fire  prevention. 

3.  Given  that  the  warden  service  would  try  to  help  the  public  with 
fire  prevention, 

WA'  ■  fraction  of  population  with  wardens  who  could  try  to  help, 

APB  •  maximum  change  in  fraction  of  population  with  wardens 
trying  to  help  betveen 

(a)  not  having  the  activity  treated  in  operations  plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  ■  net  adequacy  of  treatment  of  fire  prevention  activities 
of  warden  service  in  operations  plans.  Then, 

WA  -  WA'{1  -  APB(1  -  PB)} 

■  fraction  of  population  having  wardens  trying  to  help  with 
fire  prevention. 

4.  Given  that  firemen  may  be  less  thsn  completely  effective,  and 

•  relative  effectiveness  of  firemen.  Then, 


frsctlon  of  population  helped  in  fire  prevention  by  firemen. 


Given  chat  wardens  say  be  less  chan  completely  effective,  and 

"  relative  effectiveness  of  wardens.  Then, 

C  •  K ,  •  FA 
w  3 

•  fraction  of  population  helped  in  fire  prevention  by  wardens. 

Given  thac  any  individual  may  be  helped  by  a  fireman  or  a 
warden  but  need  not  be  helped  by  both.  Then, 


C,  ♦  C  -  C.C 

f  w  f  w 


-  fraction  of  population  helped  in  fire  prevention. 


Given  that  the  capability  of  the  public  to  achieve  fire 
prevention  depends  on  the  amount  of  help  they  get,  and 

-C  -  maximum  change  in  fire  prevention  capability  of  the  public 

between 

(a)  not  having  any  help  from  the  CD  organization  and 

(b)  having  fully  adequate  assistance.  Then, 

FX  -  FX'(l  -  ^Ca(l  -  Cg)} 

Given  that  the  relative  effectiveness  of  fire  prevention  against 
primary  fires  would  differ  from  that  against  secondary  fires, 

•  relative  effectiveness  of  fire  prevention  against  primary 
fires.  Then, 


■  fraction  of  the  number  of  buildings  that  would  have  been  set 
on  fire  initially  by  primary  ignitions  without  fire  prevention 
that  are  set  on  fire  with  fire  prevention. 

Given  that  the  relative  effectiveness  of  fire  prevention  against 
secondary  fires  would  differ  from  that  agalnat  primary  fires, 

“  relative  effectiveness  of  fire  prevention  against  secondary 
fires.  Then, 

h  *  *5  * 

•  fraction  of  the  number  of  buildings  that  would  have  been 
sat  on  fire  initially  by  secondary  ignitions  without  fire 
prevention  that  are  set  on  fire  with  fire  prevention. 
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Given  that  fire  prevention  can  reduce  the  number  of  primary 
ignitions,  and 

a'  ■  fraction  of  buildings  set  on  fire  by  primary  ignitions 
without  fire  prevention.  Then, 


•  fraction  of  buildings  sec  on  fire  by  primary  ignitions 
with  fire  prevention. 

Given  that  fire  prevention  can  reduce  Che  number  of  secondary 
ignitions,  and 

b  '  •  fraction  of  buildings  sec  on  fire  by  secondary  ignitions 
without  fire  prevention.  Then, 


■  fraction  of  buildings  sec  on  fire  by  secondary  Ignitions 
with  fire  prevention. 
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FIRE  SUPPRESSION  CAPABILITY  -  TOTAL  -  e 

8 


Concept 


e  ■  fraction  of  fires  extinguished  by  fire  suppression  activities  in  fire 
*  generation  g. 

Operation;  Uninjured  occupants  of  shelters  can  suppress  fires  in  the 

structures  that  contain  the  shelters  under  the  leadership  of 
trained  shelter  managers  or  emergent  leaders.  These  people  need 
support  by  shelter  kADEF  and  by  information  from  D&C.  Additional 
fire  suppression  capability  can  be  supplied  by  the  professional 
fire  service. 


Analysis : 
1. 


(System  tree  overleaf) 

Given  people  in  shelters  with  managers.  Then, 
WHR  ■  WLR  (Page  3-137) 


■  fraction  of  population  with  shelter  managers  at  program 
completion. 

2.  Given  that  managers  should  be  trained  in  shelter-based  fire 
suppression, 

WHT  ■  fraction  of  population  with  trained  managers  at  program 
start,  and 

A WHT  -  net  additional  fraction  for  whom  managers  are  trained  in 
program.  Then, 

WHT  -  WHT  ♦  A WHT 
o 

-  fraction  of  population  with  shelter  managers  trained  in 
shelter-based  fire  suppression  at  program  completion. 

3.  Given  that  some  managers  may  be  lost  because  of  turnover  either 
before  or  after  being  trained.  Then, 


WH'  •  Min  WHR  :  WHT 


fraction  of  population  having  shelter  managers  capable 
of  leading  shelter-based  fire  suppression. 
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4.  Given 

(*)  chat  some  shelter  occupants  would  not  be  effective  as  fire 
fighters  because  of  Injury,  age,  or  other  factors,  and 
(b)  that  Che  manager  and  fire  fighters  should  have  support  by 
shelter  RADEF  and  D&C  Information, 

•  fraction  of  population  with  managers  who  are  effective  as 
shelter-based  fire  fighters  after  attack  effects, 

•iUS  ■  maximum  change  In  fire  suppression  capability  between 

(a)  not  having  any  organization  shelter  RADEF  capability  and 

(b)  having  fully  adequate  organization  shelter  RADEF 
capability, 

US  ■  net  monitoring  capability  of  organization  in  shelter, 

.ISP  ■  maximum  change  in  fire  suppression  capability  between 

(a)  not  having  any  ability  to  receive  information  from 
D&C  and 

(b)  having  fully  adequate  ability  to  be  Informed,  and 

SP  ”  net  capability  of  managers  to  receive  and  understand 
information  from  D&C  about  fire  suppression.  Then, 

WH  -  Kr  •  WH'{2  -  &US(1  -  US)  Hi  -  .1SP(1  -SP)} 

■  fraction  of  population  with  adequate  shelter-based  fire 
suppression  led  by  shelter  managers. 

5.  Given  public  information  activities  to  prepare  the  public  for 
occupying  the  shelters, 

1^  ■  fraction  of  the  population  who  know  about  shelter-based 

fire  suppression  because  of  public  information  activities,  and 

■  fraction  of  those  who  know  who  would  attempt  to  fight  fires. 
Then , 

oh'  -  r2  •  id 

■  fraction  of  the  population  in  shelters  without  a  trained 
manager  who  would  try  to  fight  fires. 
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6.  Given 

(a)  chat  some  shelter  occupants  would  not  be  effective  as  fire 
fighters  because  of  injury,  age,  or  other  factors  and 

(b)  chat  the  emergent  leader  and  fire  fighters  should  have 
support  by  shelter  RADEF  and  D&C  information, 

K ^  *  fraction  of  the  population  with  emergent  leaders  who 

are  effective  as  shelter-based  fire  fighters  after  attack, 

AOl'  ■  maximum  change  in  fire  suppression  capability  between 

(a)  not  having  any  emergent  shelter  RADEF  capability  and 

(b)  having  fully  adequate  emergent  shelter  RADEF  capability, 

OU  ■  net  monitoring  capability  of  emergent  monitor, 

ISO  ■  maximum  change  in  fire  suppression  capability  between 

(a)  not  having  any  ability  to  receive  information  from 
D&C  and 

(b)  having  fully  adequate  ability  to  be  informed,  and 

SO  -  net  capability  of  emergent  leader  to  receive  and  understand 
information  from  D&C  about  fire  suppression.  Then, 

OH  -  K3  •  0H’{1  -  Mild  -  0U)}{1  -  ASO(  1  -  SO)} 

•  fraction  of  the  population  with  adequate  shelter-based 
fire  suppression  led  by  emergent  leaders. 

7.  Given  that  fires  may  be  suppressed  by  forces  led  by  managers  or 
emergent  leaders,  then, 

Es  -  WH  ♦  OH  -  VH  •  OH 

•  fraction  of  population  with  adequate  shelter-based  capability 
to  suppress  fires. 

8.  Given  that  fire  service  and  shelter-based  suppression 
capabilities  are  redundant,  and 

FG  "  fraction  of  population  with  adequate  fire  service 
suppression  capability  after  attack.  Then, 

E  -  E  ♦  FG  -  E  •  FG 

t  s  g 

•  fraction  of  population  with  adequate  fire  suppression 
capability  after  attack. 
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Given  that  the  effectiveness  of  fire  suppression  differs 
among  the  several  fire  generations,  so  that, 

9 

E®  •  fraction  of  fires  in  fire  generation  g  that  can  be 

extinguished  by  fully  adequate  fire  suppression  capability. 
Then, 


-  fraction  of  fires  in  fire  generation  g  that  are  extinguished 
because  of  net  fire  suppression  capability. 
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FIRE  SUPPRESSION  CAPABILITY  -  ORGANIZED  -  FC 


Concept 


FG  ■  net  capability  of  the  fire  service  to  suppress  fires. 

Operation:  The  organized  fire  service  employs  trained,  professional  fire¬ 

fighters  and  fire  fighting  equipment  to  extinguish  fires  or  to 
inhibit  the  spread  of  fire.  They  require  equipment  and  materials, 
especially  a  supply  of  water. 

Analvs  is : 

1.  Given  a  fire  service, 

FGR  ■  fraction  of  population  having  adequate  fire  suppression 
staff  at  program  start,  and 

AFGR  •  net  additional  fraction  for  whom  fire  staff  is  recruited 
in  program.  Then, 

FGR  -  FGR  +  AFGR 
o 

*  fraction  of  population  with  adequate  fire  suppression 
staff  at  program  completion. 

2.  Given  on-board  fire  service  staff  that  needs  to  be  trained  in 
fire  fighting  after  a  nuclear  attack, 

FGT  ■  fraction  of  population  having  staff  adequately  trained 
in  fire  suppression  at  program  start,  and 

AFGT  ■  net  additional  fraction  for  whom  staff  is  trained  in 
program.  Then, 

FGT  -  FGT  ♦  AFCT 
o 

*  fraction  of  population  having  fire  suppression  staff 
adequately  trained  at  program  completion. 

3.  Given  that  some  of  the  staff  may  be  lost  because  of  turnover 
either  before  or  after  being  trained,  then, 

FGS '  -  Min  FGR  :  FGT 

■  fraction  of  population  having  adequate  fire  suppression 
staff  individually  trained  at  program  completion. 
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Given 

(a)  thac  service  exercises  enhance  staff  capability  and 

(b)  that  some  of  the  fire  staff  could  be  incapacitated  by 
attack  effects, 

API  ■  maximum  change  in  capability  of  fire  suppression  staff 
between 

(a)  not  having  any  service  exercise  for  training  and 

(b)  having  fully  adequate  exercise  for  training, 

PI  -  net  adequacy  of  fire  service  exercises,  and 

K,  ■  fraction  of  fire  suppression  staff  effective  after  attack 
effects.  Then, 

FGS  -  K,  •  FGS ' { 1  -  API ( 1  -  PI)} 

•  fraction  of  population  having  effective,  competent  fire 
suppression  staff  after  attack. 

Given  that  fire  fighters  need  materials  both  for  operation  of 
their  equipment  and  for  use  in  fire  suppression, 

FGM  ■  fraction  of  population  having  adequate  supplies  of  fire 
suppression  materials  at  program  start,  and 

AFGM  -  net  additional  fraction  for  whom  materials  are  procured 
in  program.  Then, 

FGM'  -  FGM  ♦  AFGM 
o 

»  fraction  of  population  having  adequate  fire  suppression 
materials  at  program  completion. 

Given  that  some  fire  suppression  materials  nay  be  destroyed  or 
rendered  unavailable  by  attack  effects  so  that, 

K,  -  fractional  survival  of  fire  suppression  materials  after 
attack  effects.  Then, 

FGM  -  K,  •  FGM’ 

•  fraction  of  population  having  adequate  fire  suppression 
materials  after  attack. 
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Given  that  file  fighters  need  equipment  for  fire  suppression, 

FGE  ■  fraction  of  population  having  fire  suppression  equipment 
at  program  start,  and 

AFGE  •  net  additional  fraction  for  whom  equipment  is  procured 
in  program.  Then, 

FGE'  -  FGE  ♦  1FCE 
o 

•  fraction  of  population  having  adequate  fire  suppression 
equipment  at  program  completion. 

Given 

(a)  that  some  equipment  may  be  destroyed  or  rendered  unavailable 
by  attack  effects  and 

(b)  chat  the  capability  of  equipment  depends  on  having  materials 
for  its  operation  and  a  supply  of  water, 

“  fractional  availability  of  fire  suppression  equipment 
after  attack  effects, 

1FGM  •  maximum  change  in  capability  of  fire  suppression 
equipment  between 

(a)  not  having  any  materials  and 

(b)  having  fully  adequate  supply  of  materials, 

1.RH  ■  maximum  change  in  capability  of  fire  suppression 
equipment  between 

(a)  not  having  any  resource  service  capability  to 
operate  water  facility  and 

(b)  fully  adequate  resource  capability  to  operate  water 
facility,  and 

RH  •  net  capability  of  resource  service  to  operate  water 
facility.  Then, 

FGE  •  K3  •  FCE*{l  -  -FGM(  1  -  FGM)Hl  -  ARH(1  -  RH) } 

Given  that  fire  service  communications  may  depend  on  having 
communications  between  the  forces  on  the  fire  ground  and 
dispatchers  in  the  fire  stations. 
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FGF ^  *  fraction  of  population  having  fire  service  facilities 
at  program  start,  and 

1FGF  ■  net  addltiotiai  fraction  for  whom  facilities  are  procured 
in  program.  Then, 

FGF’  -  FGR  ♦  1FCF 

o 

•  fraction  of  population  having  adequate  fire  service 
facilities  at  program  completion. 

10.  Given  that  some  fire  service  facilities  can  be  destroyed  or 

rendered  not  operational  because  of  attack  effects  so  that, 

K.  •  fractional  survival  of  fire  service  facilities  after 
attack  effects.  Then, 

FCF  •  K  •  FCF' 

4 

■  fraction  of  population  having  adequate  fire  service 
facilities  operable  after  attack. 

11.  Given  that  fire  fighters  need  coessunlcat ions , 

FGC^  ■  fraction  of  population  having  adequate  fire  service 
cooBunlcat ions  at  program  start,  and 

1FGC  ■  net  additional  fraction  for  whom  communications  are 
procured  in  program.  Then, 

FGC'  -  FGC  +  iFCC 
o 

■  fraction  of  population  having  adequate  fire  service 
communications  at  program  completion. 

12.  Given 

(a)  that  fire  service  comuni  cat  ions  can  be  destroyed  by  attack 
effects  and 

(b)  that  communications  depend  on  having  fire  stations, 
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■  fractional  survival  of  fire  service  communica cions 
after  attack  effects, 

AFGF  ■  maximum  change  ip.  fire  service  ccramunicac ions  capability 

becveen 

(a)  not  having  any  fire  service  facilities  and 

(b)  having  fully  adequate  fire  service  facilities.  Then, 

FCC  -  Kj  •  FGC’U  -  IFGFd  -  FGF) ; 

■  fraction  of  population  having  adequate  fire  service 
coraaunicat ions  capability  after  attack. 

13.  Given 

(a)  chat  the  fire  suppression  capability  of  the  fire  service  staff 
can  be  enhanced  by  having  equipment  operating  and 
communications  capabilities  and 

(b)  it  would  be  Halted  by  the  lesser  of  them, 

-FGE  ■  maximum  change  in  suppression  capability  of  fire  service 

between 

(a)  not  having  any  equipment  support  for  staff  and 

(b)  having  fully  adequate  equipment  capability,  and 

Li'G C  ■  maximum  change  in  suppression  capability  of  fire  service 

between 

(a)  not  having  any  communicat ions  support  for  staff  and 

(b)  having  fully  adequate  communications.  Then, 

FG'  -  FCS  •  Hln{l  -  !FGE(1  -  FGE)}:{1  -  .IFGCd  -  FGC) } 

•  fraction  of  population  having  adequate  fire  service 
suppression  capability  after  attack  if  fully  supported. 

14.  Given  that  the  fire  service  should  be  supported, 

1PI  •  maximum  change  in  fire  suppression  capability  becveen 

(a)  not  having  any  exercise  of  the  CD  organization  and 

(b)  having  fully  adequate  exercises, 

PI  •  net  adequacy  of  organization  exercises, 

ADU  ■  maximum  change  in  suppression  capability  of  fire  service 
becveen 

(a)  not  having  any  D&C  information  support  and 

(b)  having  fully  adequate  Information  support, 

DU  •  net  adequacy  of  DfcC  system  Information  support, 
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AUH  ■  aaxisuB  change  in  suppression  capability  of  fire  service 
between 

(a)  not  having  any  self-help  RADEF  capability  and 

(b)  having  fully  adequate  self-help  RADEF  capability 

oH  ■  net  fire  service  self-help  RADEF  capability, 

_PB  •  aaximun  change  in  fire  suppression  capability  of  fire 
service  between 

(a)  not  having  adequate  treataent  of  the  activity  in 
operations  plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  •  net  adequacy  of  treataent  of  fire  service  suppression 
activities  in  operations  plans.  Then, 

FC  -  FC’{1  -  1PI(1  -  PI)  }{1  -  ADUU  -  DU)  Hi  -  -llHd  -  UH)} 

{1  -  APB(1  -  PB)} 

•  net  capability  of  fire  service  to  suppress  fires  after 
attack. 
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PUBLIC  PREPAREDNESS  -  SELF  HELP  -  I 

a 

Concept 

I  •  net  effectiveness  of  CD  organization  in  educating  the  public  before  an 
attack  —  as  in  a  surge  period  —  to  prepare  them  for  self  help: 
activities  suitable  for  the  public  to  conduct  to  mitigate  and  alleviate 
the  effects  of  attacks  in  such  matters  as  home  shelter,  fire  prevention, 
sanitation,  first  aid,  rescue,  and  so  on. 

Operation:  (See  Public  Preparedness  -  Crisis  Relocation  -  Ic)(Page  B-83) 

Analysis :  (System  cree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of  Public 
Preparedness  -  Crisis  Relocation  -  I  .  The  definitions  change  by 
substituting  "self-help  activities"  For  "crisis  relocation". 


PUBLIC  PREPAREDNESS  SELF  HELP 


PUBLIC  INFORMATION  MATERIALS  -  SELF  HELP  -  LA 


Concept 


IA  ■  net  adequacy  of  informational  materials  prepared  for  use  in  public 
preparedness  education  in  actions  suitable  for  the  public  to  take  to 
mitigate  and  alleviate  the  effects  of  attack  in  such  matters  as  home 
shelter,  fire  prevention,  sanitation,  first  aid,  rescue,  and  so  on. 

Operation:  Public  information  materials  are  prepared  by  personnel  of  an 
EPI  staff  element  of  the  preparedness  system  organization 
trained  for  assignment  to  their  positions  and  arrangements  are 
concluded  for  dissemination  of  these  materials.  Information 
for  these  materials  can  be  supplied  by  Federal  and  State  CD. 

Analysis:  (System  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of 
Public  Information  Materials  -  Crisis  Relocation  -  IC,  with 
"self  help"  substituted  for  "crisis  relocation"  except  in 
relationship  5  where  the  sources  of  information  are  found 
outside  the  proaram.  Then,  relationship  5  would  become, 

ALA  •  K.  •  IAS 

•  net  additional  fraction  of  population  for  whom  adequate 
instructional  materials  for  public  preparedness  for  self 
help  activities  can  be  prepared  in  program. 


SHELTER  RADEF  -  ORGANIZED  -  US 


Concept 


US  ■  net  capability  of  CD  organization  personnel  in  shelters  to  monitor 
radiation  intensity  or  dose  in  public  shelter. 


Operation:  Radiation  measuring  instruments  are  placed  in  public  shelters 

together  with  instructions  for  their  use.  Monitors  are  trained 
for  assignment  in  public  shelters.  Managers  are  given  some 
training  in  RADEF.  Policemen  who  control  the  movement  to 
shelter  will  enter  the  public  shelters;  some  of  them  will  have 
had  monitoring  training  and  may  bring  self-help  RADEF 
Instruments  to  shelter. 


Anay Isis :  (System  tree  overleaf) 

1.  Given  monitors  for  public  shelters, 

UBRq  •  fraction  of  population  having  shelter  monitors  at  program 
start,  and 

AUBR  ■  net  additional  fraction  for  whom  monitors  are  brought  on 
board  during  program.  Then, 

UBR  -  UBR  +  AUBR 

o 

■  fraction  of  population  having  shelter  monitors  at  program 
completion. 

2.  Given  oa-board  shelter  monitors  who  should  be  trained, 

UBTq  •  fraction  of  population  having  trained  shelter  monitors 
at  start  of  program,  and 

AUBT  •  additional  fraction  for  whom  monitors  are  trained  during 
program.  Then, 

OBT  •  UBT  ♦  AUBT 
o 

•  fraction  of  population  having  trained  shelter  monitors 
at  program  completion. 
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Given  that  some  shelter  monitors  will  be  lost  because  of 
turnover  either  before  or  after  being  trained,  then, 

L-B’  -  Min  (JBR  :  UBT 

■  fraction  of  population  having  capable  shelter  monitors 
at  program  completion. 

Given  managers  for  public  shelters  so  that 

WPR  -  WLR  (Page  3-137) 

■  fraction  of  population  having  shelter  managers  on-board 
at  program  completion. 

Given  that  shelter  managers  may  be  trained  in  monitoring, 

WPTo  ■  fraction  of  population  having  managers  trained  in 
monitoring  at  start  of  program,  and 

AWPT  •  net  additional  fraction  for  whom  managers  are  trained  in 
program.  Then, 

WPT  -  WPT  +  AWPT 
o 

■  fraction  of  population  having  trained  shelter  managers 
at  program  completion. 

Given  that  some  managers  may  be  lost  because  of  turnover  either 
before  or  after  being  trained,  then, 

WP'  •  Min  WPR  :  WPT 

•  fraction  of  population  having  managers  capable  of 
monitoring  at  program  completion. 

Given  that  radiation  measuring  instruments  may  be  placed  in 
public  shelters, 

tJAq  •  fraction  of  population  having  instruments  in  public 
shelters  at  program  start,  and 

AUA  ■  net  additional  fraction  for  whom  instruments  are  placed 
in  shelters  In  program.  Then, 

UA ’  -  UA  +  ADA 
o 

■  fraction  of  population  having  instruments  in  public 
shelters  at  program  completion. 


Given  that  not  all  instruments  are  fully  reliable  so  that, 

K,  •  fraction  of  instruments  in  public  shelters  that  are 
reliable.  Then, 

UA  -  K.  •  UA’ 

■  fraction  of  population  having  reliable  instruments  in 
public  shelters  at  program  completion. 

Given  that  it  is  logical  for  shelter  monitors  to  be  assigned 
to  shelters  in  which  instruments  have  been  placed,  then, 

UB  -  Min  13'  :  UA 

Given  that  managers  may  be  assigned  to  shelters  on  the  basis 
of  factors  other  than  having  instruments  in  the  shelters.  Then, 

VP  -  VP*  •  UA 

■  fraction  of  population  having  adequate  shelter  manager 
monitoring  capability  in  public  shelters. 


Given 

(a)  that  traffic  control  police  will  enter  the  public  shelters  and 

(b)  that  some  of  them  are  trained  self-help  RADEF  monitors, 

LGS  •  fraction  of  population  having  adequate  police  traffic 
control  staff  at  program  completion  (Page  B-139), 

K,  ■  fraction  of  traffic  policemen  who  are  monitors,  and 

■  ratio  of  traffic  policemen  to  number  of  police  shelters. 
Then, 

UD'  -  X2  •  K3  •  LGS 

■  fraction  of  population  having  police  monitors  in  public 
shelters . 

Given 

(a)  that  police  monitors  may  bring  their  self-help  instruments 
to  shelter  and 

(b)  that  not  all  of  these  instruments  would  be  reliable. 
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UC  •  fraction  of  population  having  self-help  RADEF  instruments 
assigned  to  police  traffic  control  forces  at  program 
completion,  and 

K.  •  fraction  of  self-help  instruments  that  are  reliable. 

Then, 

UI'  •  Hin  (Kx  •  UC)  :  UD' 

•  fraction  of  population  having  reliable  police  self-help 
instruments  in  public  shelters. 

Given  that  the  shelters  may  have  shelter  instruments  or  police 
instruments  but  need  not  have  both, 

UI  -  UA  +  UI '  -  UA  •  LT 

•  fraction  of  population  having  instruments  available  to 
police  monitors  in  public  shelters. 

Given  that  shelter  monitors  may  not  be  fully  capable  in 
monitoring  so  that, 

■  relative  monitoring  capability  of  shelter  monitors. 

14  Then, 

C.  -  K.  •  UB 
b  4 

-  fraction  of  population  with  fully  capable  shelter  monitors 

Given  that  shelter  managers  may  not  be  fully  capable  in 
monitoring  so  that, 

■  relative  monitoring  capability  of  shelter  managers.  Then, 

C  -  K,  •  VP 
P  5 

■  fraction  of  population  with  fully  capable  shelter  managers 


Given 

(a)  that  a  police  monitoring  capability  requires  both  monitors 
and  Instruments  and 

(b)  that  police  monitors  mav  not  be  fully  capable  in  monitoring 
so  that. 


-  relative  aonitoring  capability  of  police  aonltors.  Then, 
Cd  -  K6(Mln  UI  :  UD') 

■  fraction  of  population  with  fully  capable  police  aonltors 
in  public  shelters. 

Given  chat  occupants  of  public  shelters  should  have  a  aonitoring 
capability  by  a  aonitor,  a  aanager,  or  a  police  aonitor  but  need 
not  have  aore  than  one. 


I’S 


C.  ♦  C  ♦  C  .  -  C.  C  -  C.C  .  -  C  C  .  ♦  C.C  CJ 
b  p  d  bp  bd  pd  bpd 

fraction  of  population  having  adequate  CD  organization 
aonitoring  capability  in  public  shelters. 
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SHELTER  RADEF  -  EMERGENT  -  OU 


Concept 


0L'  "  S*c  ^*P*bilicy  of  a  shelter  occupant,  nor  trained  in  radiation  monitoring, 
to  measure  dose  rate  and  accumulated  dose  to  aid  both  in  in-shelter 
operations  and  in  shelter-based  operations  outside  the  shelter. 

at  ion:  A  shelter  not  having  a  aeaber  of  the  CD  organization  but 

having  RADEF  instruments  aay  have  a  aeaber  of  the  public  by 
his  own  initiative,  because  of  public  preparedness  EPI,  or 
upon  advice  from  D&C,  open  the  instrument  package  and  use 
the  instruments  in  accordance  with  the  instructions  included 
in  the  package. 

Ana lys is :  (System  tree  overleaf) 

1.  Given  EPI  activities  to  prepare  the  public  for  going  to  shelter 
and  a  shelter  without  CD  organization  personnel  trained  in 
monitoring,  and 

Id  •  net  effectiveness  of  EPI  in  educating  the  public  about 
in-shelter  monitoring.  Then, 

°0*  -  T 

d 

•  fraction  of  shelter  class  population  with  emergent  monitor 
trying  to  use  the  Instrument  given  reliable  instruments 
and  information  from  D&C. 

2.  Given  emergent  monitors  and  reliable  instruments  in  the  shelters 
both  at  random, 

K  ■  relative  ability  of  an  emergent  monitor  to  measure 
radiation  flux, 

UA  -  fraction  of  shelter  class  population  with  reliable 
instruments  in  shelter  (from  UA  -  Page  B-174), 


%  • 


8 


SO  •  maximum  change  In  capability  of  an  emergent  monitor 

between 

(a)  not  having  any  capability  to  receive  information 
from  D&C  and 

(b)  having  fully  adequate  capability  to  receive 
information  from  D&C,  and 

SO  •  net  capability  of  emergent  monitor  to  receive  and 
understand  Information  from  D4C.  Then, 

OU  ■  K  •  OU’  •  L’A(1  -  ASO(l  -  SO)  } 

■  net  monitoring  capability  of  an  emergent  monitor. 


SHELTER  RADEF  -  EMERGENT  -  OU 


t 
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SELF-HELP  RADEF  -  UH 


Concept 


UH  -  net  capability  of  an  operating  staff  to  monitor  radiation  intensity 
and  dose  and  to  interpret  the  readings  in  terms  appropriate  for  the 
operation  being  conducted. 

Operation:  Every  emergency  operation  being  conducted  after  a  nuclear  attack 

needs  a  capability  to  measure  radiation  fields:  first,  to 
identify  the  presence  or  absence  of  radiation  where  the  operation 
is  being  conducted  and  second,  to  determine  whether  the  operation 
can  continue  with  due  regard  for  the  safety  of  the  personnel. 

Analysis  :  (System  tree  overleaf) 

1.  Given  units  or  services  that  may  be  subjected  to  fallout  when 
operating, 

UDR  •  fraction  of  population  having  adequate  self-help  monitors 
for  the  units  at  program  start,  and 

LUDR  "  net  additional  fraction  for  whom  monitors  are  recruited 
for  the  units  in  program.  Then, 

UDR  -  UDR  +  AUV R 
o 

■  fraction  of  population  having  adequate  self-help  monitors 
for  the  units  at  program  completion. 

2.  Given  on-board  self-help  monitors  who  should  be  trained, 

UOT  •  fraction  of  population  having  trained  self-help  monitors 
at  start  of  program,  and 

iUDT  ■  net  additional  fraction  for  whom  monitors  are  trained  in 
program.  Then, 

UDT  -  UDT  +  iUDT 
o 


# 

a 

I 


fraction  of  population  having  adequate  trained  self-help 
monitors  for  the  units  at  program  completion. 
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Given  chet  some  self-help  monitors  may  be  lost  because  of 

turnover  either  before  or  after  being  trained.  Then, 

UD'  •  Min  UDR  :  'JDT 

■  fraction  of  population  having  adequate  competent  self-help 
monitors  for  the  units  at  program  completion. 

Given  that  some  self-help  aonlcors  may  be  incapacitated  because 

of  attack  effects  so  that, 

•  fraction  of  self-help  monitors  effective  after  attack 
effaces.  Then, 

UD  •  *  •  UD' 

•  fraction  of  population  having  adequate  self-help  monitors 
after  attack. 

Given  that  self-help  monitors  need  radiation  measuring  Instruments, 

UC^  •  fraction  of  population  for  whom  self-help  instruments  are 
on  hand  at  start  of  program,  and 

■XJC  •  net  additional  fraction  for  whoa  Instruments  are  procured 
in  program.  Then, 

UC'  -  UC  ♦  AUC 
o 

■  fraction  of  population  for  whom  self-help  Instruments  are 
on  hand  at  program  completion. 

Given 

(a)  that  some  instruments  are  not  fully  reliable  and 

(b)  that  some  may  be  destroyed  or  rendered  unavailable  or 
unreliable  because  of  attack  effects, 

■  fraction  of  self-help  instruments  available  after 
attack  effects,  and 

•  fraction  of  available  self-help  instruments  reliable 
after  attack  effects.  Then, 

UC  -  t2  •  Kj  •  UC' 

•  fraction  of  population  having  adequate,  reliable  self-help 
Instruments  after  attack. 
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Civen 

(a)  chac  monitors  require  instruments 

(b)  that  some  self-help  monitors  may  not  be  fully  capable,  and 

K.  ■  relative  monitoring  capability  of  self-help  monitors.  Then, 
UH  -  K, (Min  UC  :  UD) 

4 

•  fraction  of  population  having  adequate  self-help  RADEF 
capability  for  units  or  services  that  may  be  subject  to 
radiation  when  operating. 
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D&C  -  ACQUIRE  INPUT  INFORMATION  -  DZD 
Concept 


DZD  ■  net  capability  of  CD  organization  to  acquire  data  about  the  situation 
and  to  communicate  these  data  to  D&C  as  basis  for  preparation  and 
dissemination  of  information  and  guidance  to  the  CD  organization  and 
the  public. 

Operation:  Each  element  of  the  CD  organization  can  observe  and  report  on 

any  feature  of  the  situation:  condition  of  the  people,  natural  and 
attack  environment,  condition  of  the  CD  system,  and  so  on.  The 
effectiveness  of  the  several  elements  of  the  organization  can  differ 
with  respect  to  the  subject  matter  of  the  data  to  be  reported. 

Analysis :  (System  tree  overleaf) 


1.  Given  fire  services, 

FIS  “  fraction  of  population  with  adequate  fire  service  staff 
trying  to  acquire  data  after  attack  given  adequate 
operations  plans, 

AFIC  ■  maximum  change  in  data  acquisition  capability  of  fire 
service  between 

(a)  not  having  any  service  communications  capability  and 

(b)  having  fully  adequate  service  cotmnuni cat ions  capability,  and 

FIC  •  fraction  of  population  with  adequate  fire  service 
communications  capability  after  attack.  Then, 

FI'  -  FISU  -  AFIC(1  -  FIC)} 

“  fraction  of  population  with  adequate  fire  service  capability 
to  report  data  to  DAC. 

2.  Clven  that  fire  service  may  not  be  fully  effective  in  observing 
or  reporting  data  to  DAC  so  that, 

■  relative  effectiveness  of  fire  service  in  reporting  data. 

Then, 


"  fraction  of  population  with  adequate  fire  service  effectiveness 
in  reporting  data  given  adequate  operations  plans. 


Given  a  medical  service, 

MIS  •  fraction  of  population  with  adequate  medical  service  staff 
trying  to  acquire  data  after  attack  given  adequate 
operations  plans, 

•1MIC  ■  maximum  change  in  data  acquisition  capability  of  medical 
service  between 

(a)  not  having  any  service  communications  capability  and 

(b)  having  fully  adequate  service  communications  capability,  am 

MIC  ■  fraction  of  population  with  adequate  medical  service 
communications  capability  after  attack.  Then, 

MI'  -  MIS { 1  -  AMIC(1  -  MIC)} 

■  fraction  of  population  having  adequate  medical  service 
capability  to  report  data. 

Given  that  the  medical  service  may  not  be  fully  effective  in 
reporting  data  so  that, 

Kj  “  relative  effectiveness  of  medical  service  in  reporting 
data.  Then, 

E'  -  K,  •  MI' 

a  l 

•  fraction  of  population  having  adequate  medical  service 

effectiveness  in  reporting  data  given  adequate  operations  plan* 

Given  a  police  service, 

LLS  ■  fraction  of  population  with  adequate  police  service  staff 
trying  to  acquire  data  after  attack  given  adequate 
operations  plans,  j 

ALLC  •  maximum  change  in  data  acquisition  capability  of  police 
service  between 

(a)  not  having  any  service  cosnunicatlons  capability  and 

(b)  having  fully  adequate  service  communications  capability,  el 

LLC  •  fraction  of  population  with  adequate  police  communications 
after  attack.  Then, 
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LL'  -  LLS { 1  -  ALLC ( 1  -  LLC) } 

■  fraction  of  population  with  adequate  police  service 
capability  to  report  data. 

Given  that  the  police  service  may  not  be  fully  effective  in 
reporting  data  so  that, 

•  relative  ef f ectiveness  of  police  service  in  reporting 
data.  Then, 


■  fraction  of  population  having  adequate  police  service  effec¬ 
tiveness  in  reporting  data  given  adequate  operations  plans. 

Given  a  warden  service, 

VZS  ■  fraction  of  population  with  adequate  warden  staff  trying  to 
acquire  data  after  attack  given  adequate  operations  plans, 

^WZC  ■  maximum  change  in  data  acquisition  capability  of  warden 
service  between 

(a)  not  having  any  service  cotaounlcatlons  capability  and 

(b)  having  fully  adequate  service  communications  capability,  and 

VfZC  •  fraction  of  population  with  adequate  warden  communications 
capability  after  attack.  Then, 

VZ'  -  VZS{1  -  AVZCU  -  WZC)} 

■  fraction  of  population  with  adequate  warden  service 
capability  to  report  data. 

Given  that  the  warden  service  may  not  be  fully  effective  in 
reporting  data  so  that, 

■  relative  effectiveness  of  warden  service  in  reporting  data. 

*  Then, 

E'  -  K.  •  HZ’ 

W  4 

-  fraction  of  population  with  adequate  warden  service  effec¬ 
tiveness  in  reporting  data  given  adequate  operations  plans. 
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Given  a  resource  service, 

RRS  •  fraction  of  population  having  adequate  resource  service 
staff  crying  to  acquire  data  after  attack  given  adequate 
operations  plans, 

-RRC  •  maximum  change  in  data  acquisition  capability  of  resource 
service  between 

(a)  not  having  any  service  communications  capability  and 

(b)  having  fully  adequate  service  communications  capability,  anc 

RRC  -  fraction  of  population  with  adequate  resource  service 
communications  capability  after  attack.  Then, 

RR'  -  RRS { 1  -  ARRC(1  -  RRC)} 

•  fraction  of  population  with  adequate  resource  service 
capability  to  report  data. 

Given  that  the  resource  service  may  not  be  fully  effective  in 
reporting  data  so  that, 

K,  ■  relative  effectiveness  of  resource  service  in  reporting 
data.  Then, 

-  K5  •  RR' 

•  fraction  of  population  having  adequate  resource  service  effec¬ 
tiveness  in  reporting  data  given  adequate  operations  plans. 

Given  weapons  effects  reporting  stations  (VERs), 

ITS  ■  fraction  of  population  with  adequate  WER  staff  trying  to 
acquire  data  after  attack  given  adequate  operations  plans, 

AUWC  ■  maximum  change  in  data  acquisition  capability  of  VERs  between 

(a)  not  having  any  service  conmunlcatlons  capability  and 

(b)  having  fully  adequate  service  communications  capability,  am 

'JVC  ■  fraction  of  population  with  adequate  Area  RADEF 
cotmnunicatlons  capability  after  attack.  Then, 

OF*  •  UFS{l  -  AUVC(1  -  UVC) } 

•  fraction  of  population  having  adequate  VER  capability  to 
report  data. 


Given  chat  WERs  may  not  be  fully  effective  in  reporting  data 
so  chat, 

•  relative  effectiveness  of  WERs  in  reporting  data.  Then, 

E'  -  K,  •  IT' 
u  6 

■  fraction  of  population  having  adequate  WER  effectiveness 
in  reporting  data  given  adequate  operations  plans. 

Given  that  Che  sane  data  nay,  but  need  not,  be  reported  to  D&C 
by  more  than  one  element  of  the  organization  (the  capabilities 
are  redundant).  Then, 


DZD'  -  E'  +  E’  +  Ej  ••• 

f  m  l 

_  C  '  P ’  _  C'P'  _  ... 

fif  a  f  l 

+  ElE'El  +•  E'E’E'  •< 
f  m  c  f  a  ur 

-  ElE'ElE'  -  ElE'ElE' 

fmiw  fair 

ELE'ElE'E'  +  ••• 
f  m  1  w  r 

-  E'E'ElE'E'E' 

f  a  i  w  r  u 


•  fraction  of  population  having  adequate  effectiveness  in 
reporting  data  given  adequate  operations  plans. 

Given  that  data  reporting  should  be  treated  in  operations  plans, 

APB  ■  maximum  change  in  data  reporting  capability  between 

(a)  not  having  the  activity  adequately  created  in  operations 
plans  and 

(b)  having  fully  adequate  treatment,  and 

PB  ■  net  adequacy  of  treatment  of  data  reporting  in  operations 
plans.  Then, 

DZD  -  DZD' {1  -  APB( 1  -  PB) } 

■  fraction  of  population  having  fully  adequate  effectiveness 
of  the  capability  of  the  CD  organization  to  acquire  and 
report  input  data  for  D&C. 
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SECTION  B.5 
FRACTION  RESCUED  (FR) 

This  part  of  PAM  produces  estimates  of  Che  fraction  of  chose  entrapped  by 
attack  effects  who  could  be  released  by  (a)  occupants  of  shelter  led  by  emergent 
leaders,  (b)  occupants  of  shelters  led  by  shelter  managers,  and  (c)  organized 
efforts  of  the  rescue  element  of  the  fire  service  supported  by  other  elenents 
of  Che  CD  organization.  This  part  of  the  model  specifically  introduces  the 
concept  of  limited  potential  effectiveness.  The  input  estimate  FR'  is  the 
maximum  fraction  of  those  crapped  who  could  be  rescued  and  survive  even  if  the 


combined  capabilities  of  the  rescuers  were  fully  effective  and 

conditions  ' 

favorable . 

The  following 

elements  of  PAM  included  in  this  section  have  appeared 

earlier  sections: 

Page 

In  B. 1: 

D&C-System  Information  Capability  (DZ) 

B-63 

D&C-Public  Information  Capability  (DS) 

B-69 

Operations  Plans  (PB) 

B-75 

Organization  Exercise  (PI) 

B-97 

In  B .2: 

Public  Preparedness-Shelter  (I  ' 

a 

B- 129 

Public  Information  Materials-Sheiter  (ID) 

B— 131 

In  B.3: 

Shelter  Comaunica cions  (SO,  SP) 

B-Ul 

In  B.&: 

Fire  Suppression  Capability-Total  (e  ) 

2 

B-155 

o 

Fire  Suppression  Capability-Organized  (FG) 

B-161 

Shelter  RADEF-Organized  (US) 

B— 171 

Shelter  RADEF-Emergent  (OU) 

B— 177 

Self-Help  RADEF  (UH) 

B-179 
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FRACTION  RESCUED  -  FR 


Concept 


FR  -  traction  rescued  of  the  people  who  are  trapped  because  of  attack 
effects. 

Operation:  Some  people  would  be  trapped  because  of  the  collapse  of 

structures  and  debris  resulting  from  attack  effects.  These 
people  could  be  released  by  the  efforts  of  an  organized  rescue 
service  operating  from  outside  the  damaged  area  and  by  the 
efforts  of  shelter  occupants  operating  from  the  shelters  under 
the  leadership  either  of  a  shelter  manager  or  of  an  emergent 
leader.  Heavy  rescue  requiring  equipment  such  as  cranes  would 
be  performed  only  bv  the  rescue  service. 


Analysis : 


Given  a  rescue  service  that  is  an  element  of  the  fire  service  so  that, 

FH  -  fraction  of  population  with  fire  service  trying  to  release 
trapped,  and 

K,  “  relative  effectiveness  of  fire  service  in  releasing 
crapped  people.  Then, 


•  fraction  of  population  having  adequate  fire  service 
effectiveness  in  rescuing. 

Given  shelter  managers  so  that, 

WI  ■  fraction  of  population  with  shelter  managers  trying  to  release 
Crapped  people  with  resources  found  in  shelters,  and 

K,  ■  relative  effectiveness  of  shelter-based  rescue  under 
leadership  of  manager.  Then, 

E  •  K,  •  WI 
w  2 

■  fraction  of  population  having  adequate  manager-led, 
shelter-based  rescue  effectiveness. 

Given  that  an  individual  could  be  rescued  by  a  manager  or  the 
fire  service  but  need  not  be  rescued  by  both,  then. 


S.  -  S  +  Ew  *  V* 

•  fraction  of  population  having  adequate  effectiveness 
of  the  CD  organization  in  rescue. 
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Given  public  information  activities  to  prepare  the  public  for 
shelter-based  operations  including  rescue  so  that, 

oi'  -  *d 

■  fraction  of  population  who  would  nave  emergent  leaders 
trying  to  conduct  shelter-based  rescue  given  support. 


Given 

(a)  that  emergent  leaders  would  have  increased  capability  if 
supported  and 

(b)  that  without  CD  organization  personnel  in  shelters  they 
would  have  to  rely  on  emergent  monitors 

AOU  ■  maximum  change  in  capability  of  public  to  rescue  crapped 
people  between 

(a)  not  having  any  emergent  monitoring  capability  and 

(b)  having  fully  adequate  emergent  monitoring  capability, 

OU  -  net  monitoring  capability  of  emergent  monitors, 

ASO  -  maximum  change  in  capability  of  public  to  rescue  trapped 
people  between 

(a)  not  having  any  D&C  public  information  and 

(b)  having  fully  adequate  public  information  communications,  and 

SO  •  net  capability  of  D&C  public  information  consnuni cat  ions 
to  emergent  leaders.  Then, 

01  -  0I'{1  -  A0U(1  -  0U)Hl  -  AS0(1  -  SO)} 

■  fraction  of  population  having  emergent  leaders  crying  to 
release  trapped  people. 

Given  that  emergent  leaders  may  not  be  fully  effective  so  that, 

*  relative  effectiveness  of  emergent  leaders  in  releasing 
trapped  people.  Then, 

C  -  K,  •  ID 

o  3 

•  fraction  of  population  having  adequate  emergent  leader 
effectiveness  in  shelter-based  rescue. 
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7. 


3. 


9. 


10. 


Given  that  an  Individual  could  be  rescued  by  the  CD  organization 
or  by  an  emergent  leader  but  need  not  be  rescued  by  both.  Then, 


£ 

“r 


E  ♦  e 

s  o 


E  E 

s  o 


•  fraction  of  population  having  adequate  overall 
effectiveness  in  rescue. 


Given  that  some  trapped  people  could  not  be  rescued  in  time  to 
save  their  lives  no  matter  what  rescue  capability  was  available, 
so  that, 


FR'  •  maximum  fraction  of  those  trapped  who  could  be  rescued  in 
favorable  weather  if  overall  capability  were  fully 
effective.  Then, 

FR  •  E  *  FR' 
n  r 

•  fraction  of  trapped  population  who  could  be  rescued  in 
favorable  weather. 


Given  that  adverse  weather  could  preclude  rescue  for  some  trapped 
people. 


FP^  ■  fraction  of  population  subject  to  adverse  weather,  and 
Py  •  probability  of  occurrence  of  adverse  weather.  Then, 


fraction  of  trapped  population  who  could  be  rescued  in  favor¬ 
able  weather  precluded  from  rescue  because  of  adverse  weather 


Given  that  adverse  weather  could  occur.  Then, 


FR  -  FR  (1  -  K.) 
n  4 


fraction  of  the  trapped  population  who  could  be  rescued. 


RESCUE  CAPABILITY  ORGANIZED  FH 
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RESCUE  CAPABILITY  -  ORGANIZED  -  FH 
Concept 


FH  ■  net  capability  of  the  fire  service  to  rescue  trapped  people  in  an 

organized  operation  directed  by  D&C  and  supported  by  other  emergency 
services . 

Operation:  An  organized  rescue  service,  which  is  part  of  the  fire  service, 

uses  heavy  equipment  and  special  as  well  as  common  cools  to  release 
people  who  are  crapped  by  debris.  Efforts  of  the  rescue  service 
are  supported  by  ocher  elements  of  the  CD  organization  under  the 
general  direction  of  D&C. 

Analysis : 

1.  Given  a  rescue  service,  an  element  of  the  fire  service, 

FHR  "  fraction  of  population  having  adequate  rescue  staff  at 
start  of  program,  and 

-FHR  ■  net  additional  fraction  for  whom  rescue  staff  is  recruited 
during  program.  Then, 

FHR  -  FHR  *  LFHR 
o 

*  fraction  of  population  having  adequate  rescue  staff  at 
program  completion. 

2.  Given  on-board  rescue  staff  who  should  be  trained  in  rescue  after 
nuclear  attack. 

FHTq  ■  fraction  of  population  having  adequate  rescue  staff  trained 
in  rescue  after  attack  effects  at  start  of  program,  and 

AFHT  ■  net  additional  fraction  for  whom  rescue  staff  is  trained 
during  program.  Then, 

FHT  -  FHT  ♦  AFHT 
o 

•  fraction  of  population  having  adequate  rescue  staff 
individually  trained  at  program  completion. 
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Given  chat  some  of  Che  rescue  staff  may  be  lose  because  of 
turnover  either  before  or  after  being  trained.  Then, 

FHS '  -  Min  FHR  :  FHS 

■  fraction  of  population  having  adequate  individually 
trained  rescue  staff  on  board  at  program  completion. 


Given 

(a)  chat  service  exercise  can  Increase  staff  capability  and 

(b)  that  some  of  the  rescue  staff  may  be  incapacitated  by  attack  effects, 

API  ■  maximum  change  in  rescue  staff  capability  between 

(a)  not  having  any  service  exercise  for  training  and 

(b)  having  fully  adequate  organization  exercise  for  training, 

PI  *  net  adequacy  of  service  exercise  for  training,  and 

K,  *  fraction  of  rescue  staff  effective  after  attack  effects. 

Then, 

FHS  -  KL  •  FHS ' { 1  -  API ( 1  -  PI)} 

•  fraction  of  population  having  adequate  trained  rescue 
staff  after  attack. 

Given  that  organized  rescue  requires  materials, 

FHM  ■  fraction  of  population  having  adequate  materials  for  rescue 
at  start  of  program,  and 

A FHM  •  net  additional  fraction  for  whom  materials  are  procured  in 
program.  Then, 

FHM’  •  FHM  +•  A  FHM 
o 

■  fraction  of  population  having  adequate  rescue  materials  at 
program  completion. 

Given  that  some  rescue  materials  may  be  destroyed  or  rendered 
unavailable  because  of  attack  effects  so  that, 

*2  •  fraction  of  rescue  materials  available  for  use  after  attack 
effects.  Then, 

FHM  •  K2  •  FHM* 

-  fraction  of  population  having  adequate  rescue  materials 
after  attack. 
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Giv«n  chat  organized  rescue  requires  equipment, 

FHE^  •  fraction  of  population  having  adequate  rescue  equipment 
at  start  of  program,  and 

«1FHE  *  net  additional  fraction  for  whom  equipment  is  procured 
during  program.  Then, 

FHE  ’  •  FHE  +  JLFHE 

o 

■  fraction  of  population  having  adequate  rescue  equipment 
at  program  completion. 

Given 

(a)  chat  having  materials  (cools,  fuel,  etc.)  can  Increase  the 
capability  of  rescue  equipment,  and 

(b)  that  some  rescue  equipment  may  be  rendered  inoperable  or 
unavailable  by  attack  effects. 


AFHM  ■  maximum  change  in  rescue  equipment  capability  between 

(a)  not  having  any  rescue  materials  and 

(b)  having  a  fully  adequate  supply  of  rescue  materials,  and 

K-  ■  fraction  of  rescue  equipment  operable  after  attack  effects. 
Then, 

FHE  -  K3  •  FHE' {1  -  AFHM(1  -  FHM) } 

■  fraction  of  population  having  adequate  rescue  equipment 
after  attack. 

Given 

(a)  that  rescue  forces  need  communications  and 

(b)  chat  rescue  forces  are  part  of  the  fire  service, 

FHC  -  FGC 

■  fraction  of  population  having  adequate  communications 
for  organized  rescue  after  attack. 

Given  that 

(a)  rescue  staff  capability  can  be  enhanced  by  equipment  and 
communications  and 

(b)  it  would  be  limited  by  the  lesser  of  them. 
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AFHC  •  saxlaun  change  in  capability  of  rescue  staff  between 

(a)  not  having  communications  and 

(b)  having  fully  adequate  communications,  and 

AFHE  ■  maximum  change  in  capability  of  rescue  staff  between 

(a)  not  having  any  rescue  equipment  capability  and 

(b)  having  fully  adequate  rescue  equipment  capability.  Then, 

FH'  -  FHS  •  Min(l  -  AFHC ( 1  -  FHC)}:{l  -  AFHEfl  -  FHE) } 

■  fraction  of  population  having  adequate  capability  for 
organized  rescue  after  attack  if  rescue  forces  are  fully 
supported . 

11.  Given  that  rescue  forces  should  be  supported, 

API  "  maximum  change  in  rescue  capability  of  fire  service  between 

(a)  not  having  any  exercise  of  the  CD  organization  and 

(b)  having  fully  adequate  organization  exercise, 

PI  ■  net  adequacy  of  organization  exercises, 

ARL  •  maximum  change  in  rescue  capability  of  fire  service  between 

(a)  not  having  any  building  debris  clearance  support  by 
the  resource  service  and 

(b)  having  fully  adequate  resource  service  support 

RL  ■  net  capability  of  resource  service  to  clear  building  debris, 

AFG  ■  maximum  change  in  rescue  capability  of  fire  service  between 

(a)  not  having  any  fire  fighting  support  by  the  fire  service 
and 

(b)  having  fully  adequate  fire  fighting  support, 

PC  •  net  capability  of  fire  service  to  suppress  fires  while  rescue 
operations  are  being  conducted, 

ADU  ■  maximum  change  in  rescue  capability  of  fire  service  between 

(a)  not  having  any  D&C  Information  support  and 

(b)  having  fully  adequate  D &C  information  support, 

DU  ■  net  capability  of  D&C  to  supply  system  information  to  fire 
service. 
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AUH  ■  maximum  change  tn  rescue  capability  of  fire  service  between 

(a)  not  having  any  self-help  RADEF  capability  and 

(b)  having  fully  adequate  self-help  RADEF  capability, 

UH  •  net  capability  of  fire  service  for  self-help  RADEF, 

APB  ■  maximum  change  in  rescue  capability  of  fire  service  between 

(a)  not  having  organized  rescue  treated  in  operations  plans 

and 

(b)  having  fully  adequate  treatment,  and 

PB  -  net  adequacy  of  treatment  of  organized  rescue  in  operations 
plans.  Then, 

FH  -  FH'{1  -  API  (1  -  PI)Hl  -  ARL(1  -  RL)  Hi  -  AFG(1  -  FG) } 

{1  -  ADL'Cl  -  DU)  Hi  -  AUH(1  -  UH)}{1  -  APB(1  -  PB)} 

■  fraction  of  population  having  adequate  capability  of  fire 
service  for  organized  rescue  after  attack. 


RCSCUE 


r~ 

RECRUITING 

ON  KARO 
STARR 
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IILITY  -  SHELTER  MANAGER  -  Wl 


manager 


net  capability 
RESCUE 
Wl 


3-201 


RESCUE  CAPABILITY  -  SHELTER  MANAGER  -  WI 
Concept 


WI  ■  net  capability  of  shelter  managers  to  conduct  shelter-based  rescue  activities 
using  only  the  resources  available  in  the  shelters. 


Operation:  Many  of  those  crapped  could  be  released  without  the  use  of  heavy 

equipment  or  special  cools.  This  light  rescue  could  be  accomplished 
by  shelter  occupants  led  by  the  shelter  manager. 

Analysis : 

1.  Given  shelter  managers, 

WIR  -  VLR  (Page  3-137) 


■  fraction  of  population  having  adequate  shelter  managers 
at  program  completion. 

2.  Given  on-board  shelter  managers  who  should  be  trained  in  shelter- 
based  rescue, 

WIT  -  fraction  of  population  having  shelter  managers  trained 
in  shelter-based  rescue  at  start  of  program,  and 

AWIT  ■  net  additional  fraction  for  whom  managers  are  trained 
in  rescue  during  program.  Then, 

WIT  -  WIT  +  AWIT 
o 

“  fraction  of  population  having  managers  trained  in  shelter- 
based  rescue  by  program  completion. 

3.  Given  that  some  managers  would  be  lost  because  of  turnover  either 
before  or  after  being  trained.  Then, 

WI*  -  Min  WIR  :  WIT 

■  fraction  of  population  having  managers  capable  of  shelter- 
based  rescue  at  program  completion  if  fully  supported. 


3-202 


4.  Given 

(a)  chat  shelter-based  fire  suppression  could  increase  rescue 
capability, 

(b)  that  the  managers  might  provide  organization  monitoring 
capability,  and 

(c)  that  system  information  from  D&C  could  increase  rescue 
capability, 

AWH  ■  maximum  change  in  manager  rescue  capability  between 

(a)  not  having  any  shelter-based  fire  fighting  capability,  and 

(b)  having  fully  adequate  shelter-based  fire  fighting 
capability, 

VH  •  net  capability  of  managers  for  shelter-based  fire  suppression, 

AUS  ■  maximum  change  in  manager  rescue  capability  between 

(a)  not  having  any  shelter  RADEF  support  and 

(b)  having  fully  adequate  shelter  RADEF  support 

US  ■  net  monitoring  capability  of  CD  organization  personnel 
in  shelters, 

ASP  -  maximum  change  in  manager  rescue  capability  between 

(a)  not  having  any  D&C  information  support  and 

(b)  having  fully  adequate  information  support,  and 

SP  •  net  capability  of  D&C  to  provide  system  information  to 
shelters.  Then, 

VI  -  WI'{1  -  iWH(l  -  VH ) H 1  -  AUS ( 1  -  US)}{1  -  ASP(1  -  SP)} 

■  fraction  of  population  having  adequate  capability  of 
shelter  managers  to  conduct  shelter-based  rescue. 
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SECTION  B.6 

EFFECTIVENESS  OF  IMPROVING  FALLOUT  PROTECTION  POSTURE  (FPF) 


This  part  of  PAM  produces  estimates  of  the  fraction  of  the  population  of 
a  given  shelter  class  who  would  be  in  an  improved  posture  within  the  shelters 
for  protection  against  fallout.  In  this  it  differs  from  the  part  described 
in  Section  B.3  which  produces  estimates  of  the  fraction  in  improved  blast 
posture  and  then  proceeds  to  estimate  the  resulting  fractional  increase  in 
protection.  The  reason  for  the  difference  stems  from  the  way  in  which  the 
POPDEF  model  estimates  casualties  from  blast  as  compared  to  those  from  fallout. 


The  following  elements  of  PAM  included  in  this  section  have  appeared  in 
earlier  sections: 

Page 


In  B.l: 


In  B.2: 


In  3.3: 
In  B.4: 


D&C-System  Information  Capability  (DZ)  B-63 

D&C-Public  Information  Capability  (DS)  B-69 

Operations  Plans  (PB)  B-75 

Organization  Exercise  (PI)  S-97 

Public  Preparedness  -  Shelter  (I.)  B-129 

U 

Public  Information  Mater ials-Shelter  (ID)  B-13I 

Shelter  Communications  (SO,  SP)  B— 141 

Shelter  RADEF-Organized  (US)  B-I71 

Shelter  RADEF- Emergent  (OU)  B-I77 
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IMPROVED  FALLOUT  POSTURE  -  FPF 


FPF  ■  nec  overall  ef fectiveness  of  efforts  to  improve  fallout  posture;  i.e., 

the  fraction  of  the  population  in  shelter  class  1  who  are  placed  in  best 
posture  to  minimize  radiation  dose. 


Some  areas  within  a  shelter  will  experience  a  lesser  radiation 
Intensity  than  others.  When  the  occupants  are  arranged  in  these 
areas,  the  radiation  dose  they  accumulate  will  be  minimized. 
People  can  be  placed  in  the  preferred  posture  either  on  the  basis 
of  measurements  of  the  actual  radiation  flux  or  on  the  basis  of 


knowledge  of  which  areas  would  likely  experience  the  least 


radiation . 


Anal vs  is ; 

1.  Given  that  policemen  may  be  in  shelters  so  that. 


LG*  ■  fraction  of  population  having  policemen  trained  in 

improving  fallout  posture  in  shelters  with  them,  and 


K,  •  relative  capability  of  policemen  trained  in  improving 
fallout  posture  to  achieve  Improved  posture.  Then, 


C'  -  K.  •  LG' 
i  1 

■  fraction  of  population  who  could  be  in  improved  fallout 
posture  because  of  policemen  if  they  were  fully  supported. 

2.  Given  that  managers  may  be  in  shelters  so  that, 

UM*  ■  fraction  of  population  having  managers  trained  in  improving 
fallout  posture  in  shelters  with  them,  and 


K.,  ■  relative  capability  of  managers  trained  in  improving  fallout 
posture  to  achieve  improved  posture.  Then, 

C'  -  K,  •  WM' 

w  2 

■  fraction  of  population  who  could  be  in  Improved  fallout 
posture  because  of  managers  if  they  were  fully  supported. 
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Given  chat  aonicors  aav  be  in  che  shelters  so  that, 

UB’  ■  fraction  of  population  having  aonitors  trained  in  improving 
fallout  posture  in  shelters  with  them,  and 

Kj  •  relative  capability  of  aonitors  trained  in  improving  fallout 
posture  to  achieve  improved  posture.  Then, 

C^  -  K3  •  UB’ 

■  fraction  of  population  who  could  be  in  improved  fallout 
posture  because  of  monitors  if  they  were  fully  supported. 

Given  that  any  individual  could  be  in  an  improved  fallout  posture 
because  of  a  policeman,  a  manager,  or  a  monitor  but  need  not  have 
the  assistance  of  more  than  one  of  them.  Then, 


C' 

s 


C*  ♦ 

i 


C’  ♦ 
w 


£  -  C'  C*  -  C*  C'  -  C*  C'  +  C'  C'  C' 
gw  gb  wb  gwb 


fraction  of  population  who  could  be  in  improved  fallout 
posture  because  of  CD  organization  personnel  if  they  were 
fully  supported. 


Given 

(a)  that,  with  CD  personnel  in  shelter,  there  could  be 
organization  monitoring  capability  and 

(b)  that  information  from  D&C  could  Increase  the  effectiveness 
of  efforts  to  Improve  posture, 

AUS  •  maximum  change  in  effectiveness  of  CD  organization  efforts 
to  improve  fallout  posture  between 

(a)  not  having  any  organization  monitoring  capability  and 

(b)  having  fully  adequate  organization  monitoring  capability, 

US  ■  net  organization  capability  for  ln-shelter  monitoring, 

ASP  “  maximum  change  in  effectiveness  of  CD  organization  efforts 
to  improve  fallout  posture  between 

(a)  not  having  any  guidance  from  D&C  and 

(b)  having  fullv  adequate  guidance  from  DfcC,  and 

SP  ■  net  capability  of  CD  organization  personnel  to  receive 
communications  from  D&C.  Then, 

Es  *  Ci*1  "  iUS(1  ‘  OS) Hi  -  ASP(1  -  SP)} 

■  fraction  of  population  who  would  be  In  improved  fallout 
posture  because  of  CD  organization  personnel. 


IP*" 
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Given  public  information  activities  to  prepare  the  public  for 
shelter  including  improvement  in  fallout  posture  so  that. 


fraction  of  population  who  know  about  improving  fallout 
posture,  and 


relative  capability  of  emergent  leaders  who  know  about 
improving  fallout  posture  to  achieve  improved  posture.  Then 


fraction  of  population  who  could  be  in  Improved  fallout 
posture  because  of  emergent  leaders  if  they  were  fully 
supported. 


Given 

(a)  that,  without  CD  personnel  in  shelter,  monitoring  would  be  by 
emergent  monitors,  and 

(b)  that  information  from  D&C  could  Increase  the  effectiveness  of 
emergent  leaders. 


maximum  change  in  effectiveness  of  emergent  leaders  in 
achieving  improved  fallout  posture  between 

(a)  not  having  any  monitoring  capability  and 

(b)  having  fully  adequate  emergent  monitoring  capability 


OU  ■  net  capability  of  emergent  monitors 


maximum  change  in  effectiveness  of  emergent  leaders  in 
achieving  Improved  fallout  posture  between 

(a)  not  having  any  guidance  from  D&C  and 

(b)  having  fully  adequate  guidance  from  D&C,  and 


SO  •  net  capability  of  emergent  leaders  to  receive  communications 
from  D&C.  Then, 


E  -  0M'{1  -  A0U(1  -  OU)Hl  -  iSO(l  -  SO)} 


fraction  of  population  who  would  be  in  improved  fallout 
posture  because  of  emergent  leaders. 


Given  that  any  individual  may  be  assisted  by  CD  organization 
personnel  or  an  emergent  leader  but  need  not  be  assisted  by  both 


fraction  of  population  who  would  be  in  improved  fallout  posture 
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SECTION  B . 7 

FRACTION  ABLE  TO  ACHIEVE  SUCCESSFUL  REMEDIAL  MOVEMENT 
AFTER  LEAVING  SHELTER  (F(X)R] 


This  part  of  PAM  produces  estimates  of  the  fraction  leaving  shelter  (either 
because  of  so oe  adverse  condition  or  because  of  ultimate  emergence)  who 
could  move  to  a  safer  location  than  the  shelter  vicinity  or  benefit  from 
other  measures  of  equivalent  effect.  Only  one  formulation  is  given  for  the 
model;  it  applies  to  any  of  the  conditions  that  would  cause  the  movement. 
However,  it  is  noted  that  the  values  of  the  inputs  to  the  model  would  change 
with  time  after  Che  attack  and  therefore,  separate  estimates  are  required  for 
each  different  time  at  which  the  movement  would  occur. 


The  following  elements  of  PAM  included  in  this  section  have  appeared 


in  earlier  sections:  Paae 

In  B.l:  D&C-System  Information  Capability  (DZ)  3-63 

D&C-Publlc  Information  Capability  (DS)  B-69 

Operations  Plans  (P3)  B-75 

Organization  Exercise  (PI)  B-97 


In  B.2:  Public  Preparedness-Shelter  (1^)  B-129 

Public  Information  Materials-Shelter  (ID)  B— 131 


In  B.J:  Shelter  Commun lea t ions  (SO,  SP) 


3-141 


In  B .4 :  Shelter  RADEF -Organized  (DS)  B-171 

Shelter  RADEF-Eacrgent  (OU)  3-177 

Self-Help  RADEF  (UH)  B-179 
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REMEDIAL  MOVEMENT  -  F(X)R 
Concept 


F(X)R  •  fraction  of  those  forced  out  of  shelter  who  could  achieve  a 

successful  remedial  movement;  i.e.,  who  would  move  to  a  place 
where  the  injury  they  would  suffer  —  including  that  during  the 
move  —  would  be  substantially  less  than  they  would  have  suffered 
had  they  remained  In  the  vicinity  of  the  shelter. 

Operation:  Four  situations  in  which  remedial  movement  would  be  needed 

are  considered: 

1.  Immediate :  within  the  first  day.  The  causes  are: 

(a)  FFR:  forced  out  by  fire 

(b)  FRR:  released  from  entrapment  by  immediate  rescue 

2.  Early:  from  l.S  to  2  days  after  attack.  The  causes  are: 

(a)  FVR:  forced  out  by  lack  of  water 

(b)  FRR:  released  from  entrapment  by  reentrant  rescue 

3.  Delayed:  from  3.5  to  6  days  after  attack;  FVR: 
forced  out  by  Inadequate  ventilation 

4.  Emergence:  from  1  to  2  weeks  after  attack;  FER: 
leaving  shelter  at  the  end  of  the  expected  stay 

A  remedial  movement  could  be  conducted  in  three  alternative  ways: 

1.  Organised :  by  a  task  force,  directed  by  D&C  and  led  by  the 
warden  service,  operating  from  outside  the  shelter  with  such 
support  from  the  ocher  emergency  services  as  is  required. 

2.  Shelter-Based:  led  by  the  shelter  manager  using  only  such 
measures  a a  are  available  to  him  in  or  near  the  shelter  and 
operating  either  by  his  own  decision  or  with  instruction 
from  D&C . 

3.  Public:  led  by  an  emergent  shelter  leader  using  only  the 
measures  available  to  him  in  or  near  the  shelter  and  operating 
either  by  his  own  decision  or  with  instruction  from  D&C. 

In  a  nationwide  evaluation  these  three  ways  of  conducting  s  remedial 
movement  are  redundant. 


REMEDIAL  MOVEMENT  -  F(X)R 


Given  shelters  with  emergent  leaders  and  a  public  preparedness 
information  program  for  going  to  shelter,  and 

1^  ■  net  effectiveness  of  the  preparedness  Information  program 
in  educating  emergent  leaders  in  remedial  movement.  Then, 

OJ'  -  fraction  of  the  shelter  class  population  with  emergent 

leaders  who  would  attempt  remedial  movement,  given  RADEF 
and  D&C  information  support. 

Given  emergent  leaders  who  would  attempt  remedial  movement, 

AOU  ■  maximum  change  in  emergent  leader  RM  capability  between 

(a)  not  having  any  emergent  RADEF  capability  and 

(b)  having  fully  adequate  emergent  RADEF  capability, 

OU  •  net  RADEF  capability  of  emergent  monitors, 

ISO  ■  maximum  change  in  emergent  leader  RM  capability  between 

(a)  not  having  any  D&C  public  information  support  and 

(b)  having  fully  adequate  D&C  public  information  support, 

SO  “  net  adequacy  of  emergent  leader  capability  to  receive 
D&C  Instructions.  Then, 

OJ  -  OJ'U-AOU(l-OU)Hl-ASOU-SO)} 

“  fraction  of  shelter  class  population  with  emergent  leader 
attempting  remedial  movement. 

Given  emergent  leaders  attempting  remedial  movement,  and 

•  relative  effectiveness  of  emergent  leaders  in  achieving 
successful  remedial  movement.  Then, 

E  -  K.  •  OJ 
o  1 

"  fraction  of  shelter  class  population  afforded  successful 

remedial  movement  because  of  emergent  leaders. 
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Given  a  CD  organization  net  capability  to  achieve  successful 
remedial  movement  -  VC,  and 

K,  ■  relative  effectiveness  of  the  CD  organization  in  remedial 
movement.  Then, 

E  -  K,  •  UG 
g  2 

•  fraction  of  shelter  class  population  who  could  achieve 
successful  remedial  movement  because  of  organized  effort. 

Given  a  net  capability  of  shelter  managers  attempting  shelter- 
based  remedial  movement  -  WJ,  and 

■  relative  effectiveness  of  shelter  managers  in  remedial 
movement.  Then, 

Ej  -  K3  •  WJ 

■  fraction  of  shelter  class  population  who  could  achieve 
successful  remedial  movement  because  of  shelter  managers. 


that  Eg  and  E.  represent  the  net  effectiveness  of 
ant  ways  in  which  the  CD  organization  can  achieve 


Given  that  Eg  an 
redundant  ways  i 
movement.  Then, 


remedial 


E  •  E  +  E,  -  E  E 

9  g  J  g  J 

■  fraction  of  shelter  class  population  who  could  achieve 
successful  remedial  movement  because  of  CD  organization. 

Given,  similarly,  that  E  and  E  represent  the  effectiveness 
of  redundant  ways  of  achieving  remedial  movement.  Then, 

E  -  E  ♦  E  -  E  E 
m  o  s  os 

■  fraction  of  shelter  class  population  who  could  achieve 
successful  remedial  movement  when  feasible. 


Given  that  for  a  number  of  reasons,  it  would  not  be  feasible 
to  achieve  remedial  movement  for  all  who  needed  it, so  that, 
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F (X)R'  ■  maximum  fraction  of  che  shelter  class  population 

who  could  be  afforded  remedial  movement  from  cause  (X) 
given  favorable  weather.  Then, 

F(X)R  -  E  •  F(X)R' 
n  m 

■  net  fraction  of  shelter  class  population  who  could 
be  afforded  remedial  movement  because  of  cause  (X) 
in  favorable  weather. 

9.  Given  that  adverse  weather  could  occur  when  remedial  movement 
was  needed, 

F?  -  fraction  of  shelter  class  population  possibly  subject 
to  adverse  weather,  and 

Py  ■  probability  of  occurrence  of  adverse  weather.  Then, 


•  fraction  of  shelter  class  population  precluded  from 
remedial  movement  because  of  adverse  weather. 


10.  Given  chat  some  fraction  of  chose  needing  remedial  movement 

are  precluded  by  adverse  weather.  Then, 

F(X)R  -  F(X)R  (1  -  K.) 

n  4 

■  net  fraction  of  Che  shelter  class  population  who 
could  be  afforded  successful  remedial  movement. 
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EFFECTIVENESS  OF  REMEDIAL  MOVEMENT  -  ORGANIZED  -  WC 

Concept 


«'G  •  net  capability  of  the  warden  service  to  manage  an  organized  remedial  movement. 

Operation:  In  the  organized  mode,  a  remedial  movement  is  conducted  from 

outside  the  shelter  by  a  task  force.  The  task  force  supplies 
transportation  and  guidance  plus  whatever  other  on-site  support 
is  required.  D&C  supplies  information  including  operational 
directions  and  coordination  instructions. 

Analysis : 

1.  Given  local  CD  organizations  with  an  emergency  service  charged 
with  responsibility  for  leading  organized  remedial  movements 
and  termed  here  "the  warden  service", 

WGR^  ■  fraction  of  population  having  sufficient  warden  service 
movement  staff  on  board  at  start  of  program,  and 

1WGR  ■  net  additional  fraction  for  whom  movement  staff  is 
recruited  during  program.  Then, 

WGR  -  WGR  1WCR 
o 

■  fraction  of  population  having  sufficient  warden  movement 
staff  at  program  completion. 

2.  Given  an  on-board  warden  movement  staff  that  preferably  should 
be  trained  for  organized  remedial  movement, 

WGTq  •  fraction  of  population  having  sufficient  trained  warden 
service  movement  staff  at  start  of  program,  and 

AWGT  ■  net  additional  fraction  for  whom  movement  staff  is 
trained  during  program.  Then, 

WGT  -  WCT  iWGT 
o 

■  fraction  of  population  having  sufficient  warden  staff 
trained  in  organized  remedial  movement  at  program  completion. 


Because  of  staff  turnover,  some  of  the  movement  staff  may 
be  lost  before  or  after  training.  Then, 

WGS'  -  Min  WCR  :  WGT 

■  fraction  of  population  with  sufficient  trained  movement 
staff  if  adequately  exercised. 

Given  that 

(a)  some  of  the  movement  staff  would  be  rendered  ineffective 
by  attack  effects  and 

(b)  staff  capability  can  be  increased  by  service  exercise, 

K,  *  fractional  survival  of  effective  warden  movement  staff 
after  attack,  effects, 

1PI  ■  maximum  change  in  warden  movement  staff  capability  between 

(a)  not  having  any  organization  exercise  for  training  and 

(b)  having  fully  adequate  exercise  for  training,  and 

PI  •  net  adequacy  of  organization  exercise  for  training  of 
Che  warden  movement  staff.  Then, 

WGS  -  Kl  •  WGS' {l-uPI( 1-PI)} 

•  fraction  of  population  with  sufficient  effective, 
competent  movement  staff  after  attack. 

Assuming  that  the  movement  scaff  operates  from  a  central  facility 

WGF  ■  fraction  of  the  population  with  adequate  movement  staff 
facilities  at  program  start,  and 

iWCF  •  net  additional  fraction  for  whom  facilities  are  procured 
in  program.  Then, 

WGF'  -  WGF  +  iWCF 
o 

■  fraction  of  population  with  adequate  movement 
staff  facilities  before  attack. 
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Given  an  attack  chat  could  damage  Che  facilities,  and 

K-,  •  fractional  survival  of  movement  staff  facilities 
after  attack.  Then, 

WGF  -  K.,  •  WGF’ 

■  fraction  of  population  with  adequate  movement  staff 
facilities  after  attack. 

Assuming  that  the  movement  staff  would  have  in-service 
communicat ions, 

WGC^  ■  fraction  of  population  having  adequate  movement  staff 
cosmunicat ions  at  program  start,  and 

1WGC  ■  net  additional  fraction  for  whom  communications  are 
procured  in  program.  Then, 

WGC '  -  WGC  iWGC 

O 

■  fraction  of  population  with  adequate  movement  staff 
communications  before  attack. 

'iiven  an  attack  that  could  damage  communications,  and 

■  fractional  survival  of  movement  staff  communications 
after  attack.  Then, 

WGC  -  K3  •  WGC' 

■  fraction  of  population  having  adequate  movement  staff 
communications  after  attack. 

Given  that  the  purpose  of  movement  staff  facilities  and 
conaunicaeions  is  the  increase  of  staff  capabilities,  and  that 
it  would  be  limited  by  the  lesser  of  them, 

AWGF  ■  maximum  change  in  organized  remedial  movement  capability  of 
movement  staff  between 

(a)  not  having  any  facilities  and 

(b)  having  fully  adequate  facilities,  and 
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AWGC  ■  maximum  change  In  organized  remedial  movement 
capability  of  movement  staff  between 

(a)  not  having  any  communications  and 

(b)  having  fully  adequate  communications.  Then, 

WC'  -  WCS  .  Min{l  -  £WCF(1  -  WGF}:{1  -  £WGC(1  -  VGC)} 

-  potential  organized  remedial  movement  capability  of  warden 
service  after  attack  effects,  if  adequately  supported  by 

(a)  resource  service  transport  capability 

(b)  police  service  traffic  control  capability 

(c)  D&C  information 

(d)  self-help  RADEF,  and 

(e)  operations  plans. 

Given  some  level  of  needed  support  to  the  warden  service  in 
organized  remedial  movement, 

ARE  •  maximum  change  in  organized  remedial  movement  capability 
of  warden  service  between 

(a)  cot  having  any  transportation  support  by  resource 
service  and 

(b)  having  fully  adequate  transport  support, 

RE  •  fraction  of  population  having  adequate  transportation 
support  after  attack  effects, 

ALH  •  maximum  change  in  organized  remedial  movement  capability 
of  warden  service  between 

(a)  not  having  any  police  service  traffic  control  support  and 

(b)  having  fully  adequate  traffic  control, 

LH  -  fraction  of  population  having  adequate  traffic  control 
after  attack, 

AOX  ■  maximum  change  In  organized  remedial  movement  capability 
of  warden  service  between 

(a)  not  having  any  D&C  Information  support  and 

(b)  having  fully  adequate  D&C  information  support 

DX  ■  fraction  of  population  with  adequate  D&C  capability 
to  Inform  system  after  attack. 
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ALU  ■  maximum  change  In  organized  remedial  movement 
capability  of  warden  service  between 

(a)  not  having  any  self-help  RADEF  and 

(b)  having  fully  adequate  self-help  RADEF 

UH  ■  fraction  of  population  having  adequate  self-help 
RADEF  for  the  movement  staff, 

APB  ■  maximum  change  in  organized  remedial  movement  capability 
of  warden  service  between 

(a)  not  having  any  operations  plans  and 

(b)  having  fully  adequate  operations  plans,  and 

PB  •  fraction  of  population  having  adequate  operations 
plans  for  organized  remedial  movement.  Then, 

WC  -  UG*  { 1-ARE  (1-RE)  Hl-ALH(l-LH)  Hl-ADX(l-DX) } 

{l-AUH(l-UH)  Hl-APB(l-PB) } 

■  fraction  of  population  having  adequate  capability  of 
warden  service  for  organized  remedial  aoveoMnt  after 
attack. 


EFFECTIVENESS  OF  REMEDIAL  MOVEMENT  -  SHELTER  MANAGER  -  WJ 


Concept 


UJ  -  net  capability  of  shelter  managers  to  achieve  successful  shelter-based 
reaedial  movement. 


Operation:  A  shelter  manager  may,  upon  his  own  decision  or  upon  guidance 
from  D&C,  lead  the  people  out  of  shelter  to  a  place  where  the 
hazard  is  less.  He  would  be  supported  by  traffic  control  policemen 
who  were  in  the  shelters  and  by  guidance  from  D&C. 

Analysis: 

1.  Given  shelter  managers  so  that, 


WJR  -  VLR  (Page  B- 1 37) 

■  fraction  of  population  with  adequate  shelter  managers  at 
program  completion. 

2.  Given  that  managers  should  be  trained  in  remedial 
movement, 

WJT  -  fraction  of  population  having  adequate  trained  managers 
at  start  of  program,  and 

AVJT  ■  net  additional  fraction  for  whom  managers  are  trained 
during  program.  Then, 

WJT  -  WJT  ♦  AWJT 
o 

•  fraction  of  population  with  shelter  managers  trained  in 
remedial  movement  by  program  completion. 

3.  Given  that  some  managers  will  be  lost  because  of  turnover  either 
before  or  after  being  trained,  then, 

WJ*  •  Min  WJR  :  WJT 

■  fraction  of  population  having  adequate  trained  managers  at 
program  completion. 


Giv«n  traffic  policemen,  trained  in  remedial  movement,  in  shelters 
so  that, 

LHS '  •  LGS '  (Page  B-134) 

•  fraction  of  population  having  policemen  trained  in 
remedial  movement  in  shelters  with  them. 

Given  that  the  remedial  movement  capability  of  managers  can  be 
Increased  by  monitoring,  D&C  guidance,  and  police  support, 

AUS  "  maximum  change  in  manager  remedial  movement  capability 
between 

(a)  not  having  any  shelter  RADEF  support  and 

(b)  having  fully  adequate  shelter  RADEF  support, 

US  •  net  monitoring  capability  of  CD  organization  personnel, 

ASP  *  maximum  change  in  manager  remedial  movement  capability 
between 

(a)  not  having  any  D&C  information  support  and 

(b)  having  fully  adequate  D&C  Information  support, 

SP  •  net  capability  of  manager  to  receive  coamuni cat ions  from 
D&C,  and 

ALHS'  -  maximum  change  in  manager  remedial  movement  capability 
between 

(a)  not  having  any  police  support  and 

(b)  having  fully  adequate  police  support.  Then, 

VJ  -  VJ'{l  -  AUS(1  -  US)Hl  -  ASP(1  -  SP)}{1  -  ALHS’d  -  LHS')} 

•  net  capability  of  shelter  managers  to  achieve  successful 
shelter-based  remedial  movement. 
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POLICE  -  CONTROL  REMEDIAL  MOVEMENT  -  LS 


LH  •  net  capability  of  police  service  to  control  an  organized  reaedial  movement. 

Operation:  In  an  organized  remedial  movement,  transport  would  be  supplied. 

The  likelihood  of  a  successful  movement  would  be  increased  if 
traffic  police  could  guide  and  control  the  vehicular  movement. 

Analysis:  (System  tree  overleaf) 

The  logic  and  relationships  of  the  analysis  follow  those  of  Crisis 
Relocation  -  Traffic  Control  Capability  -  LF,  with  "remedial  move¬ 
ment"  substituted  for  "crisis  relocation"  in  the  definitions.  In 
relationship  14,  PI  (local  exercise)  is  substituted  for  NI  (joint 
State/local  exercise).  And  because  remedial  movement  would  occur 
•fter  the  attack,  survival  factors  (K)  are  Introduced  throughout. 
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METHOD  OF  ESTIMATING  EFFECTIVE  EXIT  TIMES 
BECAUSE  OF  LACK  OF  WATER  OR  ADEQUATE  VENTILATION 


General 

People  may  be  forced  to  leave  protective  shelter  after  a  limited  period 
of  occupancy  because  of  lack  of  drinking  water  and/or  Insufficient  ventilation 
to  maintain  a  habitable  shelter  environment.  These  problems  are  interrelated 
since  the  primary  physiological  mechanism  for  dissipating  metabolic  heat  in  a 
warm  or  hot  environment  is  through  the  evaporation  of  sweat.  Using  the  amount 
of  dehydration  as  an  index  of  shelter  habitability  has  been  suggested  by- 
Donald  A.  Bettge  and  has  been  used  In  internal  DCPA  case  studies.  The  method 
to  be  presented  In  this  appendix  is  an  extension  of  the  previous  work,  and 
accounts  for  the  climatological  variations  throughout  the  United  States. 

Dehydration  Criteria 

Table  C-l  Is  taken  from  Reference  1*.  It  describes  the  general 
physiological  effects  of  dehydration,  as  measured  by  percent  of  body  weight 
loss.  It  is  necessary  to  choose  one  or  more  conditions  in  this  table  as  the 
criterion  for  abandonment  of  shelter.  One  approach  would  be  to  recognize  that 
some  segments  of  the  typical  shelter  population  are  more  vulnerable  to  heat 
stress  than  others  or  are  less  able  to  tolerate  the  symptoms  of  dehydration. 
Thus,  one  might  estimate  the  fraction  of  the  population  represented  by  these 
segments  and  assume  that  this  fraction  leaves  the  shelter  environment 
earlier  than  the  remainder  and  with  less  dehydration  at  the  time  of  leaving. 
The  practical  difficulty  with  this  approach  is  that  one  finds  that  the  most 
vulnerable  segments  of  the  shelter  population  are  the  dependent  segments: 
Infants,  the  elderly,  and  women.  It  Is  difficult  to  believe  that  this  group 
would  emerge  on  their  own. 

*  References  are  cited  at  the  end  of  this  Appendix. 
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(Normal  0 
Weight) 
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Table  C-l 
DEHYDRATION 


Thirst 

Stronger  thirst,  vague  discomfort  and  sense  of  oppression, 
loss  of  appetite 

Increasing  hemoconcentrat ion 

Economy  of  movement 

Lagging  pace,  flushed  skin,  impatience;  in  some,  weariness  and 
sleepiness,  apathy;  nausea,  emotional  instability 

Tingling  in  arms,  hands,  and  feet;  heat  oppression,  stumbling, 
headache;  fit  men  suffer  heat  exhaustion;  increases  in  body 
temperature,  pulse  rate  and  respiratory  rate 

Labored  breathing,  dizziness,  cyanosis 

Indistinct  speech 

Increasing  weakness,  mental  confusion 


Spastic  muscles;  positive  Romberg  sign  (inability  to  balance  with 
eyes  closed);  general  incapacity 

Delirium  and  wakefulness;  swollen  tongue 

Circulatory  insufficiency;  marked  hemoconcentratlon  and  decreased 
blood  volume;  failing  renal  function 


Shriveled  skin;  inability  to  swallow 
Dim  vision 

Sunken  eyes;  painful  urination 
Deafness;  numb  skin;  shriveled  tongue 
Stiffened  eyelids 


Cracked  skin;  cessation  of  urine  formation 
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Bare  survival  limit 


I 

I 


Death 
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Another  approach  would  be  to  assume  chat  all  members  of  the  shelter 
group  emerge  at  the  same  time.  Including  fit  persons,  when  a  substantial 
fraction  of  the  group  have  suffered  difficulties  or  have  become  casualties. 
This  is  Che  approach  taken  here.  The  question  remains  as  Co  the  level  of 
dehydration  to  assume  as  the  point  of  shelter  exit.  This  level  should  not  be 
chosen  too  low,  since  the  group  is  leaving  the  shelter  to  enter  a  hazardous 
radiological  environment.  (If  Che  area  outside  the  shelter  is  not  hazardous, 
there  is  no  reason  to  consider  remaining  in  the  shelter.)  The  assumption 
used  here  is  that  an  average  6  percent  dehydration  is  the  exit  criterion. 

For  calculac ional  purposes,  it  is  further  assumed  chat  the  average  person 
weighs  150  pounds  (68  kilograms).  Hence,  6  percent  dehydration  will  be 
represented  by  a  loss  of  9  pounds  (4.1  kilograms)  of  water  from  the  average 
person . 

Races  of  Water  Loss 

The  daily  (or  hourly)  water  loss  is  sharply  dependent  on  whether 
sweating  occurs  or  not.  If  sweating  does  not  occur,  water  loss  is  limited 
to  that  in  urine,  respiration  and  feces  primarily.  .Most  of  the  loss  is  in 
urine.  Assuming  normal  water  Intake,  the  urine  loss  is  about  3  pounds  (1.4 
kilograms)  per  day  under  non-sweating  conditions,  according  to  Reference  2. 

The  other  losses  account  for  an  additional  pound  per  day.  Thus,  when  water 
is  freely  available,  Che  demand  in  the  non-sweating  environment  would  be  4 
pounds  (about  2  quarts  or  liters  per  day).  If  drinking  water  is  unavailable 
or  sharply  limited,  there  seems  to  be  no  reduction  in  urine  flow  until  a 
deficit  of  7  percent  of  body  weight  is  exceeded,  so  long  as  sweating  does  noc 
occur.  Since  this  level  of  dehydration  is  beyond  that  assumed  for  shelter 
exit  calculations,  we  will  assume  a  loss  of  4  pounds  (1.8  kilograms)  per  day 
in  Che  non-sweating  environment.  When  sweat  production  occurs,  Che  quantity 
of  urine  produced  diminishes  and  its  concentration  Increases.  On  the  average. 
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che  urinary  loss  may  be  halved.  We  will  assume  a  reduction  from  3  pounds  per 
day  to  2  pounds  per  day.  Thus,  In  a  sweating  environment,  the  water  loss.  In 
addition  to  the  sweat  rate,  will  be  assumed  to  be  3  pounds  (1.4  kilograms) 
per  day. 

The  water  loss  due  to  sweating  is  best  measured  by  the  predicted  four- 
hour  sweat  rate  (P4SR)  data  (Reference  2,  page  60).  Figure  C-l  is  based  on 
Reference  3,  which  exhibits  relationships  of  the  four-hour  sweat  race  in  liters 
to  the  saturated  air  temperature  for  various  rates  of  air  movement.  The  lowest 
race  of  air  movement  (10  feec  per  minute),  which  is  commonly  equated  to  still 
air,  is  appropriate  for  the  shelter  situation.  Three  secs  of  curves  are  given 
in  Reference  3  for  50,  75,  and  100  kilogram-calories  of  metabolic  heat  per 
square  meter  of  body  surface  per  hour.  According  to  Reference  1,  the  human 
body  surface  approximates  2  square  meters.  Hence,  Che  three  sets  represent 
metabolic  races  of  100,  150,  and  200  kilogram-calories  per  hour.  Since  a 
kilogram-calorie  is  equivalent  to  approximately  4  British  Thermal  Units  (BTU), 
the  secs  of  curves  are  also  appropriate  to  400,  600,  and  900  BTU  per  hour 
respectively. 

For  this  analysis,  we  will  use  a  metabolic  output  of  480  BTU  per  hour, 

4 

Che  level  measured  by  Heiskell  for  normal  shelter  living.  Further,  we  will 
use  pounds  of  water  lost  in  lieu  of  liters,  on  Che  basis  that  a  liter  of  water 
weighs  2.21  pounds.  The  resulting  relationship  of  saturated  air  temperature 
in  degrees  Fahrenheit  to  water  loss  in  pounds  is  shown  in  Figure  C-l.  It  will 
be  noted  chat  sweating  begins  at  82°F  for  these  conditions  and  the  four-hour 
sweat  loss  exceeds  5  pounds  at  92°F. 

The  saturated  air  temperature  is  but  one  point  on  the  Effective 
Temperature  line.  Ocher  points  represent  lower  relative  humidities  and  higher 
dry  bulb  temperatures.  From  data  presented  in  Reference  2,  it  is  concluded  that  the 


FIGURE  C  l 

FOUR-HOUR  SWEAT  RATES 


SATURATED  AIR  TEMPERATURE 
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saturated  air  temperature  curve  of  Figure  C-i  can  be  used  with  Effective 
Temperature  data,  with  the  no-sweat  condition  applying  to  all  Effective 
Temperatures  below  82°F. 

Conversion  of  Water  Loss  to  Exit  Time 

The  foregoing  data  and  assumptions  have  been  converted  into  shelter 
exit  times  as  a  function  of  shelter  Effective  Temperature  for  three  water 
availabilities:  unlimited,  14  quarts  per  person,  and  none.  These  exit 
times  are  shown  in  Table  C-2.  They  were  arrived  at  as  follows: 

For  temperatures  less  than  82°  FET,  the  demand  is  four  pounds  of  water 
per  person  per  day.  With  no  water  available,  the  dehydration  criterion  of  9 
pounds  of  water  loss  Is  exceeded  in  2.25  days.  If  14  quarts  of  water  (28 
pounds)  are  available,  the  demand  is  satisfied  for  a  period  of  seven  days, 
after  which  the  dehydration  process  occurs  over  another  2.25  days,  for  a  total 
of  9.25  days  to  shelter  exit.  With  unlimited  water  supplies,  nc  premature 
exit  is  required. 

At  83°  FET,  the  daily  sweat  loss  is  only  two-thirds  of  a  pound.  The 
other  losses  are  assumed  to  remain  at  four  pounds  per  day.  The  dehydration 
criterion  is  exceeded  at  1.93  days.  Because  of  the  form  of  the  climatological 
data  discussed  in  a  later  section,  this  value  is  rounded  upward  to  2  days  and 
taken  to  represent  conditions  between  82°  FET  and  83°  FET. 

Above  83°  FET,  the  exit  times  are  given  for  increments  of  2  degrees, 
with  the  exit  time  computed  for  the  even  degree.  For  example,  the  83°  to  85° 
value  of  1.75  days  without  water  is  based  on  the  84°  FET  four-hour  sweat  rate 
of  0.22  pounds  shown  in  Figure  C-l.  The  24-hour  rate  is  1.32  pounds.  Adding 
other  losses  gives  5.32  pounds  total.  The  dchvdration  limit  of  9  pounds 
divided  by  5.32  yields  1.69,  which  Is  rounded  to  the  quarter  day.  Similarly, 
the  28  pounds  of  stocked  water  lasts  5.26  days  at  the  rate  of  5.32  pounds  per 
day.  Adding  1.69  days  of  dehydration  yields  6.95  days,  which  is  rounded  to 
seven  days. 
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Table  C-2 

SHELTER  EXIT  TIMES  (Days) 

Water  Availability 


Effective  Temperature 

None 

14  Qts 

Unlimited 

Less  Than  82°F 

2.25 

9.25 

Indef . 

82°F  -  83°F 

2.0 

8.0 

Indef . 

83°F  -  85°F 

1.75 

7.0 

Indef . 

85°F  -  87°F 

1.25 

5.0 

Indef . 

87°F  -  89°F 

0.75 

3.0 

Indef . 

89°F  -  91°F 

0.50 

2.0 

Indef. 

Greater  Than  91°F 

0.25 

1.0 

1.0 
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The  shelter  exit  Claes  shown  In  che  last  line  of  Table  C-2  ostensibly 
cover  all  Effective  Temperatures  above  91°F.  As  will  be  shown  in  Che  next 
section,  Che  likelihood  of  occurrence  of  these  temperatures  is  very  low  and 
mainly  limited  to  certain  regions  of  Che  Gulf  Coast.  Hence,  the  exit  times 
shown  for  no  water  and  14  quarts  of  water  are  based  on  92°F.  The  1-day  exit 
time  for  unlimited  water  supply  is  based  on  data  analysis  in  Reference  2  that 
indicates  chat  above  91°  FET  heat  stress  is  severe  in  many  people  as  evidenced 
by  an  uncontrollable  rise  in  body  temperature.  In  these  circumstances, 
dehydration  is  no  longer  controlling. 

It  should  be  noted  that  Che  validity  of  Che  exit  times  shown  in  Table  C-2 
depends  not  only  on  che  assumption  chat  the  physiological  and  psychological 
effects  of  dehydration  can  be  used  to  measure  shelter  habitability  but  also 
chat  the  predicted  four-hour  sweat  rate  (P4SR)  can  be  used  to  measure  Increased 
water  loss  at  high  Effective  Temperatures.  The  P4SR  is  a  predicted  aversge  for 
acclimatized,  fit  young  men.  People  vary  widely  in  their  ability  to  perspire 
—  including  acclimatized,  fit  young  men.  Our  assumption  is  that  che  P4SR 
describes  che  average  sweat  loss  for  the  population  as  a  whole. 

Likelihood  of  Shelter  Effective  Temperatures 

Measurements  made  during  shelter  occupancy  tests  demonstrate  chat,  after 
real  or  simulated  occupants  begin  giving  off  metabolic  heat  in  a  fully-loaded 
shelter  (10  square  feet  of  floor  space  per  occupant),  the  shelter  Effective 
Temperature  rises  in  a  matter  of  a  few  hours  to  a  maximum  that  Is  dependent 
on  the  temperature  and  humidity  of  the  outside  air  and  on  the  ventilation 
rate.  The  shelter  temperature  varies  dlurnallv  and  with  the  dally  average 
outside  temperature  but  these  variations  are  minor  when  Effective  Temperatures 
above  82°F  are  attained.  Thus,  the  occurrence  of  high  shelter  temperatures  is 
very  much  a  seasonal  phenomenon  and  the  percentage  of  the  year  during  which  a 
habitable  environment  prevails  is  related  to  the  climate  at  the  location  of 
the  shelter. 
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Shelter  Effective  Temperatures  have  been  derived  from  climatological 
data  by  Baschlere  and  Lokmanhekinj  for  91  weather  stations  throughout  the 
country,  using  an  adiabatic  model  of  the  shelter  environment.  Results  for 
a  typical  station  are  shown  in  Figure  C-  2.  Curves  of  Effective  Temperature 
are  given  as  a  function  of  ventilation  rate  and  "ventilation  adequacy  factor" 
—  actually,  the  fraction  of  a  ten-year  weather  history  during  which  the 
stated  ventilation  rate  would  limit  the  Effective  Temperature  in  the  shelter 
to  less  than  the  stated  valua.  For  example,  in  Wichita  Falls,  Texas,  Figure 
C- 2  shows  that  a  ventilation  rate  of  IS  cfm  per  person  (for  a  shelter  loaded 
at  10  square  feet  per  person)  would  maintain  the  shelter  Effective  Temperature 
at  76°F  or  less  (the  lowest  curve)  S9  percent  of  the  time,  according  to  the 
adiabatic  model.  Comparison  of  this  model  with  test  data  Indicates  that  it 
consistently  overestimates  the  maximum  Effective  Temperature  by  about  1 
degree  Fahrenheit.  Hence,  calculated  data  of  the  type  shown  in  Figure  C- 2 
can  be  used  to  define  the  likelihood  of  shelter  Effective  Temperatures  if  the 
values  shorn  are  reduced  by  one  degree. 

natural  Ventilation  Rate 

If  it  is  assumed  that  electric  power  would  be  interrupted  by  an  attack, 
shelters  would  need  to  depend  on  natural  ventilation  unless  ventilation 
devices  were  stocked.  Hence,  one  condition  of  shelter  habitability  would  be 
related  to  lack  of  ventilator  stocking,  in  which  natural  ventilation  rates 
would  prevail.  High  Effective  Temperatures  are  expected  only  in  basement 
areas  since  available  data  suggest  that  ventilation  through  windows  in  above 
ground  parts  of  buildings  would  be  adequate.  The  calculated  data  of  Reference 
5  are  appropriate  to  basement  areas. 

Natural  ventilation  rates  in  basement  shelters  have  been  measured  by 
Llbovlcz  et  al6  and  by  a  research  team  at  Pennsylvania  State  University. 
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FIGURE  C  2 


In  Che  first  instance,  several  tests  in  a  Milwaukee  basement  shelter  yielded 
natural  ventilation  races  of  from  3.9  to  6.2  cfm,  with  an  average  of  S.l  cfa. 

In  tests  in  Che  basement  of  a  4-story  building  at  PSU,  observed  rates  ranged 
from  6  to  19  cfm.  Later  experiments  in  an  8-story  building  gave  races  ranging 
from  3.S  cfm  to  77.0  cfa.  Picking  the  lowest  observed  natural  ventilation 
race  would  maximize  the  need  for  and  effectiveness  of  a  program  of  stocking 
ventilation.  On  Che  ocher  hand,  high  ventilation  races  were  observed  only 
when  stairwells  in  4-  to  8-story  buildings  were  used  to  maximum  effect;  a 
condition  not  likely  to  occur  widely.  Our  Judgment  is  chat  5  cfm  per  person, 
che  lowest  ventilation  race  for  which  shelter  ET  calculations  are  available, 
is  a  reasonable  choice. 

Ventilation  With  Stocked  Ventilators 

It  will  be  assumed  for  this  calculation  chat  when  vent  kits  are  procured 
for  basement  shelters  they  will  be  distributed  in  such  a  way  that  a 
ventilation  rate  will  be  provided  so  chat  82°  PET  (che  no-sweat  limit)  is 
exceeded  only  10  percent  of  the  time  (90  percent  ventilation  adequacy  factor), 
except  chat  in  no  case  will  more  than  30  cfm  per  person  be  provided. 

Selection  of  Temperature  Distributions 

With  che  foregoing  discussion  in  mind,  the  data  for  the  91  stations  in 
reference  5  were  reviewed.  Stations  with  similar  climatology  were  grouped 
together,  with  special  emphasis  on  the  ventilation  rate  required  to  achieve 
a  90  percent  probability  of  not  exceeding  82°  FET  and  on  the  probability  of 
not  exceeding  82°  FET  at  che  S  cfm  per  person  rate.  Eleven  stations  were 
chosen  as  representative  of  the  entire  set  of  data.  For  these  stations,  cross¬ 
curves  were  plotted  and  che  cumulative  probability  distributions  decomposed 
above  82°  FET  to  match  the  ranges  used  in  Table  C-2.  The  results  are  shown  in 
Table  C-3.  The  upper  part  of  the  table  reflects  the  condition  for  5  cfm  per 
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person.  The  lower  pert  of  the  table  reflects  the  condition  of  variable 
ventilation  rates  needed  to  provide  a  90  percent  reliability  of  not 
exceeding  82°  FET  with  the  exception  of  the  last  two  groups  where  the 
limitation  of  30  cfm  per  person  applies. 

It  will  be  noted  that  Effective  Temperatures  greater  than  91°F  are 
encountered  only  in  the  natural  ventilation  case  and  then  only  a  few  percent 
of  the  time,  the  worst  case  being  Galveston,  Texas,  at  6  percent.  Since 
this  extreme  condition  is  the  only  circumstance  where  early  shelter  exit  is 
predicted  despite  an  unlimited  water  supply  (Table  C-2),  the  unlimited  water 
supply  case  will  be  dropped  from  further  consideration.  Availability  of  2 
to  3  gallons  per  person  per  day  will  permit  an  indefinite  stay  at  natural 
ventilation  rates  for  all  practical  purposes. 

Four  combinations  remain  between  Tables  C-2  and  C-3:  no  water  and  no 
ventilators;  water  stocked  but  no  ventilators;  ventilators  stocked  but  no 
water;  and  both  water  and  ventilators  stocked.  For  each  of  these  cases,  the 
appropriate  exit  times  of  Table  C-2  can  be  associated  with  the  probabilities 
in  Table  C-3.  The  results  are  shown  in  Tables  C-4  and  C-5.  Moreover,  each 
climate  group  can  be  associated  with  specific  geography,  albeit  with  some 
arbitrariness  at  boundaries.  In  most  cases,  whole  states  will  be  associated 
with  a  particular  climate  group.  Providence,  Rhode  Island,  for  example,  is 
representative  of  20  out  of  91  stations  across  the  country.  Miami,  Florida, 
on  the  other  hand,  is  representative  only  of  south  Florida.  Florida  and  a 
number  of  other  States  will  need  to  be  partitioned  along  county  boundaries 
among  two  or  more  climate  groups.  However,  the  State  and  county  designators 
associated  with  each  grid  square  in  the  TENOS  model  could  be  used  to  direct 
the  computer  to  a  specific  look-up  table  where  the  appropriate  probabilities 
of  early  exit  times  would  be  found.  The  exit  times  would  be  used  to  generate 
effective  protection  factors  for  each  shelter  class  in  the  grid  and  the 
resulting  fallout  casualties  would  be  weighted  by  the  probabilities  of  the 
exit  times. 


Table  C-4 


C-16 


a e; 

3 


^1 

<S 

■o 


a 

V 

*3 


5* 

'a 


a 


* 

■o 


9 


CM 


N  H  H 
I  ^  M  N 


I  nC 


(NfMNtNinC^N 
—  —  Cm 


M  « 
'*y  30 
—  cm 


HMHHNHNNHKH 

CM  CM  *T  *^  ©  —  —  c*  C  00  30 


I 


<■■<  r«.  i<m»/'0^i/^ 


nnhnmnnnnhn 

rf'BO^C-OaiO'J 

—  —  -»  «M  — 


HMNHNNHNHHN 


MNNHMHNHNHM 

49>0lS8Q900S^ 

«NNO/\/inrt«rMN 


<auQufcfUx>->ntt 


a 

5< 

•D 


H  W  H 

I  |  —  rs<  cm 


I  I  I 


W 

I  I  nO 


3} 

? 

13 


CM  CM  CM  CM  v/*  O  n  fN 

—  —  CM 


H  H 
"T  00 

—  CM 


I 


HHMNHHNNNHH 

cm  cm  >y  C  —  —  VOODOO 


5! 

S) 

ac 

* 

a. 

>> 

£ 

c 

< 

3 

kTs 

8 

•1 

HNNMHHNNNHH 

i£  i/1 


it 


© 

rv 


MHMHHHNHHN 

QOOIO-OO^O'J 

—  —  —  —  —  —  CM  — 


HHHHHHHNHHN 


NHHMHHHNHHH 

^O'OfNCOCO'OOap^ 


<  ti  u  o  u 


o  s  i-  n  * 


017 


018 


Effective  Exit  Tines 

The  foregoing  procedure,  while  feasible,  would  be  cumbersome  even  on 
the  DCPA  computer.  For  CO  programs  based  on  use  of  "best  available  shelter", 
there  would  usually  be  several  basement  shelter  categories,  each  with  its  own 
rated  protection  factor  against  fallout  radiation.  For  each  rated  protection 
factor,  an  average  of  five  effective  protection  factors  would  need  to  be 
obtained,  either  analytically  or  from  a  look-up  cable,  one  for  each  exit  time 
appropriate  to  the  climate  group  associated  with  the  grid  square.  The  most 
accurate  routine  would  carry  these  effective  protection  factors  through  the 
casualty  computation  for  the  grid  square,  multiplying  each  result  by  the 
product  of  the  population  sheltered  and  the  probability  of  the  exit  time,  and 
then  summing  to  obtain  the  expected  fatalities  and  casualties.  To  avoid  this 
proliferation  of  calculations,  an  analysis  was  made  to  determine  whether  an 
"effective  exit  time"  could  be  substituted  for  the  probability  distribution 
of  exit  times  for  a  climate  group. 

An  obvious  candidate  for  use  as  an  effective  exit  time  is  the  "weighted 
average"  obtained  by  multiplying  each  exit  time  by  its  probability  of 
occurrence  and  susmlng  the  products.  This  procedure,  however,  would  ignore 
the  possibility  that  the  casualty-producing  significance  of  earlier  exit  times 
might  increase  rapidly.  Moreover,  the  weighted  average  might  conceal  a 
sensitivity  to  the  type  of  fallout  threat,  the  rated  protection  factor,  or 
other  measures  affecting  the  production  of  fallout  casualties.  Hence, 
calculations  were  carried  out  by  hand  to  assess  these  sensitivities. 

The  procedure  was  essential iV^s  described  above.  For  each  climate 
group  and  each  water-ventilation  combination  (Tables  C-4  and  C— 5) ,  an 
effective  protection  factor  was  established  for  each  exit  time,  which  was 
then  used  to  determine  a  "cookie-cutter"  survival  rate  at  a  median  lethal 
dose  of  450  ERD.  The  results  were  multiplied  by  the  appropriate  probabilities 
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and  Che  products  sunmed  Co  obtain  an  expected  survival  rate.  The  process 
was  then  reversed.  The  effective  protection  factor  was  determined  that 
would  produce  this  expected  survival  race.  Then,  the  exit  cine  associated 
with  this  effective  protection  factor  was  determined.  This  was  Che  desired 
"effective  exit  time"  in  that  its  use  m  lieu  of  the  probability  distribution 
would  produce  the  same  fatality  rate  as  would  the  distribution  itself. 

Calculations  were  made  for  two  different  fallout  environments:  an  all¬ 
surface-burst  attack  and  a  half-surface-burst  attack.  For  each  environment, 
calculations  were  made  for  rated  protection  factors  of  50  and  500  in  order  to 
assess  the  sensitivity  over  a  range  of  protection  factors.  Also,  effective 
protection  factors  were  derived  for  one-  and  five-hour  fallout  arrival  times 
with  and  without  remedial  movement  following  shelter  exit  (See  Reference  9 
for  a  discussion  of  these  variables).  As  expected,  the  resulting  effective 
exit  times  were  generally  earlier  than  the  weighted  average  of  the 
distribution.  Indicating  that  the  earliest  exit  times  are  relatively  more 
significant  in  producing  fatalities.  On  the  other  hand,  the  results  were 
quite  insensitive  to  the  actack  environment,  Che  raced  protection  factor, 
and  che  fallout  arrival  time.  There  were,  however,  significant  differences 
between  Che  results  assuming  no  remedial  movement  and  chose  assuming  four- 
hour  remedial  movement  to  an  area  of  an  order-of -magnitude  less  hazard. 

The  essential  results  are  shown  in  Table  C-6.  It  can  be  seen  chat  Che 
effective  exit  times  with  remedial  movement  are  significantly  earlier  than 
those  assuming  no  remedial  movement.  This  does  not  mean  chat  remedial 
movement  is  ineffective  in  reducing  fallout  casualties,  since  che  effective 
protection  factors  in  chis  case  are  near  the  rated  protection  factor.  The 
result  is  caused  by  che  need  to  skew  che  effective  exit  time  more  strongly 
Coward  che  earliest  exit  time  to  match  Che  production  of  fatalities. 
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It  should  also  be  noted  chat  the  entries  for  Che  last  two  cases  where 
ventilation  is  provided  are  identical  for  all  climate  groups.  In  effect, 
the  provision  of  ventilation  at  the  90  percent  adequacy  factor  (Table  C-5) 
eliminates  the  effect  of  climate  for  all  practical  purposes.  When  basement 
shelters  are  naturally  ventilated  (first  two  sets  of  columns  in  Table  C-6), 
the  effective  exit  times  differ  by  about  a  factor  of  two  between  the  north¬ 
ernmost  climate  (group  A)  and  the  southernmost  (group  K1 . 

Weighted  Effective  Exit  Times 

The  findings  that  effective  exit  times  for  the  ventilation  kit  cases 
are  independent  of  climate  group  and  vary  by  only  a  factor  of  two  for  the 
natural  ventilation  cases  suggest  chat  single  effective  exit  times  could 
be  specified  for  each  case  that  would  be  Independent  of  climate.  This  would 
reduce  the  computational  procedure  to  the  same  level  as  that  used  in 
Reference  9. 

Since  the  effective  exit  times  for  the  ventilation  kit  cases  were 
found  to  be  essentially  Independent  of  climate,  the  remaining  problem  is  to 
properly  weight  the  exit  times  shown  in  Table  C-6  for  the  natural  ventilation 
cases.  These  should  be  weighted  by  the  fraction  of  the  population  in  each 
climate  group.  A  calculation  was  made  of  the  distribution  of  population 
among  the  climate  groups  with  the  results  shown  in  Table  C-7.  It  can  be 
seen  that  most  of  the  population  la  accounted  for  by  Climate  Groups  C,  E, 
and  F.  The  resulting  weighted  effective  exit  times  lie  between  the  effective 
exit  times  for  Groups  C  and  E  and  are  1.87  days,  1.46  days,  6.88  days,  and 
3.78  days  respectively  for  the  first  four  data  coluans  in  Table  C-6. 

S’^ry 

For  use  in  the  POPDEF  model,  the  weighted  effective  exit  times  derived 
above  have  been  converted  to  Che  values  shown  in  Table  C-8,  where  the  entries 
are  In  hours  after  detonation.  Since  trial  analyses  Indicate  that  the 
differences  in  exit  Claes  for  the  two  "no  vacer"  cases  are  not  significant  In 
terms  of  casualty  production.  It  Is  current  practice  to  use  36  and  46  hours 
as  the  exit  times  for  those  forced  out  by  lack  of  water  in  both  belowground 
and  aboveground  locations  (see  Table  7  of  this  report). 
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Table  C-7 

POPULATION  DISTRIBUTION  AMONG  CLIMATE  CROUPS 
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Table  C-8 


EFFECTIVE  EXIT  TIMES  FOR  POPDEF  MODEL 


Condition 

No  Water /Natural  Ventilation 
So  Water/ Forced  Ventilation* 
Water**/Natural  Ventilation 
Water/Forced  Ventilation 


Reaedlal 

So  Remedial 

Movement 

Movement 

H  +  36 

H  ♦  46 

H  ♦  50 

H  ♦  53 

H  +  91 

H  «•  166 

H  ♦  168 

H  +  216 

upper  stories  of 


*  Also  appropriate  for  natural  ventilation  of 
buildings  and  single-family  residences. 

**  3.5  gallons  of  water  per  person. 
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